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1. iirmoDycTiQN 

The (areat Lalces have been the subject of intensive study for nany 
deaades and a wealth of infornatlon now exists on many aspects of these 
i^ter bodies (Cook & Johnson 1974; Minns at al 1986). For almoBt as long, 
the collection and analysis of benthic invertebrates has provided valuable 
inforinatlon relating to the environmental conditions in the lakes (see for 
example, Brinkhurst et al 1968 and fCinney 1972). In many cases, e.g. Lake 
Ontario, these stiMies have provided a record of anthropogenic changes 
Inposed on the lake (e.g. Warwick 1980), 

Extensive benthic surveys of several areas In the Great Lakes system 
were carried out during the fall of 1985, under the direction of the 
Ministry of the Environinent, Ag[uatic Biology Section, as part of its In- 
Place Pollutants program (background and purpose of the stij3y are provided 
in Part A of this report). These areas Included St. Marys River, Penetang 
and Mldlarrf Bays in Lake Huron, St. Clair River, Detroit River, Niagara 
River and Port Weller Harbour, Oakville Harbour, Toronto Waterfront and Bay 
of Quinte in Lake Ontario, The present report atteiipts to relate the 
physical and chemical nature of the habitat, with the distribution and 
ecology of the benthic fauna. 



2. METHODS AND I^TSIIALS 

The physical and chemical parameters presented in this report have 
been condensed from much more extensive data and include mainly those 
parameterB known to affect the distribution, dereity, and conmunity 
structure of aquatic invertebrates. Data were supplied by the Ministry of 
the Bivironiient, and the chemical laboratory and sediment sampling methods 
have been documented elsewhere (Persaud et al 1987), 

Throughout this report, reference Is made to M.O.E. guidelines. The 
guidelines referred to are those for the open-water disposal of dredged 
materials (Persaud & Wilkins 1976), For the parameters listed in this 
report, the guidelines are: 

Loss on Ignition - 6,0% Phosphorus - 1.0 mg/g 

Total Organic 

Carbon - 10 mg/g Copper - 25 ug/g 



Chromiim - 25 ug/g Mercury - 0.3 

Iron - 10000 ug/g Zinc - 100 ug/g 

Solvent 

extractables = 1500 ug/g Arsenic - 8 ug/g 

Benthic samples were collected from 110 stations in 10 major areas 
within the &eat Lakes during October and November of 1985. The regions 
sampled were: Lake Huron in Midland Bay (10 stations) and Penetang ffl^bour 
(10 stations); St, Marys River (10 stations]; St. Clair River (10 
stations); Detroit River (10 stations); Niagara River (8 stations); Lake 



Ontario at Port Weller (6 stations), Oakvllle Harbour (9 stations),,. Tbronto 
Harbour and Waterfront (27 stations) and Bay of Q,uinte (10 stations). An 
additional 8 stations were sampled in the St. Clair River in 'October, 1986 
as a follov-up to the 1985 study. 

Benthic s.amples were taken with a 9 in.x 9 in. (22.9 cm x. 22.9 cm) 
Ponaz grab saiapler. Three replicates were taken at each station 
(exceptions where noted), each of which was a compos ite of 5 Ponar grab 
saiiples. Samples were field washed iffiing a U,.S. 30 mesh (approximately SOO 
ura) sieve and the remaining residue was stored in 5-10!% neutralized (with 
Borax) foriialin.. The volume of each sample was noted as a ^rcentage of 
the amo'unt of :material in the Po^nar. 

All replicates were later sorted, the specimens identified to ordinal 
level, and enumerated, in the laboratory. Large samples were subsampled 
where necessary. Subsampling was done by dividing the washed sample into a 
number of sections on a grid, from which subsamples were chosen at random. 
All specimens removed from the samples were stored in 80% ethanol. 

The densities of organisms were averaged over the total number of 
replicates and the replicate closest to the mean values was chosen for 
detailed identification of the organisms present. The remaining samples 
were set aside for biomass determination* 

Identifications were ■made using the most recent taxonomic literature 
available and the species lists reflect the _itiost recent systematic: 
treatments for "each order. The ':najor taxonomic works for the organisms 
present included: 

Oligochaeta - Brinkhurst 1985 
Chironomldae - Oliver & Roussel 1983 

Wiederholm 1983 
Trichoptera - Wiggins 1977 
Ephemeroptera - ■ Edmunds, Jensen & Berner 1976 

McCafferty 1975 
Amphipoda - Bousfield 1958 
Gastropoda & - Mackie et al 1980 
Pelecypoda 

Identifications were made to the lowest taxonomic level (species where 
possible, genus otherwise) and the numbers of each enumerated. 

Oligochaetes and Chironomldae were first mounted and cleared in polyvinyl 
lactophenol. Where large numbers of oligochaetes were present in a sample, 

a random subsample was made and approximat-ely 50 worms, were mounted and 
cleared. Mo effort was made to choose only mature worms, and thus bias the 
interpretation of the co,mmunlty structure. 

The co'mmunity structure that emerged from these species lists was 
analyzed on the 'basis of equations derived from, information theory. 
Species diversity (H') was analyzed using Shannon's formula ('Calder et al. 
1977)^ 

H' = ~Epi Log2pi 



= 3 = 



where pi = ni or the proportion of the sample 
belonging to the ith species. 

Species richness was calculated using the fomula; 

_ SR = Szl_ 
In N 

where S = number of species 

and N - total numbe'r of individuals (not per m2).. 

This equation measures the distribution of the Individuals among the 

s'pecies present. Low values of SR denote a co'imionity in which most of the 
individuals fall Into only a few species^ while high values indicate that 

those individuals present are distributed over a wide range of species. 

The distribution of individuals among species, here termed Evenness,. 
was measured by; 



J' = H 



log2S 



where H'" is the species diversity 
and S ■= number of species.. 

Evenness is a measure of the dofflinance of the co'iMiimity by one or a 
few species. The gr'eater the degree to which a coiraaunlty is dom,inated by a 
small number of species, the closer J' is to 0. 

It roust be stressed that indices such as those listed above are not 
absolute measures of the well-being of an aquatic community but are 
relative ones. They are most satisfactorily used to compare areas that are 
similar in physical characteristics. 'Where areas to be compared differ 
significantly in physical features (a rocky wave-washed beach as compared 
to a profundal deposltional zone), their use is severely liinited since 
substrate and depth preferences among benthic invertebrates as well as 
productivity differences within the s'ubstrate can play major roles in 
determining the s'pecies composition and density. 

.Analysis of the species composition (in broad terms, the presence of 
certain species a.nd. often, the cha.racteristic absence of others) and the 
relative densities of those present, forin. the basis of comm,unity structure 
ana.lysis, 'This method, of data i.nterpretation takes as its foundation the 
classical- ecoldgical definition, of a community as consisti.ng of a few 
species which are comiionly distributed and present in greater densities, 
and a larger number of species that are sparsely distributed and relatively 
rare (Odum 1966). In a natural state such a conmunity exists as a ba,lanGe 
betwee.n these two groups. Under environmental stresses the natural 
balancing mechanisms are disrupted a.nd an unnatural, stress -de fined 
co'mmunity or assemblage of species is favoured (Hynes 1960, 1970). 



= 4 = 

The analysis of functional feecling groupe coesiders the ecological 
role that each s'^cies pla]|^. in the 'habitat. ■These roles are defined on 
the basis of the trophic levels, and hence the energy sources the various 
meabers of the aquatic coiwiunity utilize. Merritt et al (1984) have 
identified six iHJor groups of aqiHtic invertebrates on the basis of their 
feeding behaviour and these are listed in the left-hand column of Table 
2.1. The major groupings are further subdivided according to food particle 
size and feeding mechanism. For example. Collectors, all of which feed on 
fine particulate organic matter (FPOM), are subdivided Into two groups, the 
filterers, or suspension feeders, and the sedlinent feeders, though due to 
the r«ture of this food type: both are still considered detritivoras. In 
fact, in standing water habitats, the majority of the benthic fauna not 
associated with attached vegetation is detrltivorous by nature of the fine 
sedliients which constitute the greatest organic fraction of their 
environment. The sutetrate type can therefore predetermine, or at least 
strongly influence, the type of fauna that can exist in any particular area 
CMinshall, 1984). This has been very nicely demonstrated most recently by 
Johnson et al (1987) who found a strong correlation between sediment 
organic content, and to a lesser degree, sediment texture, and the 
distribution of benthic invertebrates. 

It should be noted that most detritlvores, while they may ingest a 
^rariety of sutetances, actually digest out only a few usable parts, most 
often the microorganisms associated with the breakdown and decay of organic 
natter. Thus, while oligochaetes feed by ingesting sedii«nt, they digest 
out only the micro-flora and -fauna and some of the richer organic fraction 
(Brlnkhurst & Austin 1979). 

Aquatic vascular plants by contrast, provide a \«rlety of potential 
food sources. These include not only those organisnis feeding directly on 
the plant tissues themselves, but also those feeding on algae and other 
microorganisBs growing on the plant, as well as seston that settles oo the 
plant surface ( Lambert 1 & Moore 1984), 

The variety of feeding categories present, as well as the variety and 
types of organisms present in each category, provide valuable clues to the 
well-being of the coifflnunity as a whole. 

Blonass estimates were calculated as preserved wet weight of 
organisMS. Samples were blotted dry on filter paper to remove surface 
moisture and were iira^d lately weighed to the nearest 0.1 mg on a Mettler 
H20T balance. The results were averaged over the number of replicate 
samples and the mean value has been presented in the tables. According to 
both Landahl & Magell (1978) and Wiederholm & Ericksson (1977) this method 
gives reasonable reproducibility. Samples were preserved for a minimum of 
21 days in 80% ethanol before weighing. 

landahl a Nagell (1978) indicate that a correction factor of 10-12% is 
necessary for ethanol preserved speciiiens to account for differences in 

de:nsity between ethanol and water. This is required since during 
preservation the water content of the organism's body is replaced with the 
preser\^tive. 
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WiedeEholii & Erlcksson (1977) found a much sialler weight loss for 
chironomids than did Landahl & Nagell^ as well as a larger weight loss for 
oligQchaetee. According to their studies, oligochaetes lost an average of 
16% of their fresh weight after two months in ethanol, while chironoiiiids 
were found to have lost only 4% of fresh weight. It would appear that 
preserved weight bioiiasses are 'cpite close to actual fresh weights of the 
organiems. Because of these differences aroong the i^rious organisiis, no 
individual corrections were made to the da:ta in this report. Rather, a 
total preserved weight is given and a corrected {10% added) total biomass 
has been calculated from this. The heavy preponderance of oligochaetes in 
most of the samples indicate that 10% Is a reasonable compromise between 
the results of Landahl a Magell and those of Wiederholm & Iricksson. 

The biomass values obtained for the stations sampled during this 
survey will likely be low estimates. Growth rates and, particularly for 
insects, the overwintering Instar are major variables relative to the 
season of sampling. Both Winnell & White (1985), in their study of 
chironomid species in the &eat Lakes, and Kennedy (1966), in his studies 
of the oligochaetes, note that late-fall, early-winter C November -December) 
are the least productive months for most of the common species. Winnell & 
White (1985) have shown that during this period, density of individuals is 
lowest among the common species of Crvptochir onomus . Qiironomus , and 
PolvDedilum , all of which were well represented and often made up a 
considerahle proportion of the benthic fauna at most localities in this 
survey. 

Comparisons of the data from this survey with other published surveys, 

especially those where sampling 'was coMucted during the pre-emergence 
spring peak in biomass, will therefore show net decreases in biomass. It 
must be borne in mind that much of this change is a sampling artifact and 
should not te Interpreted,. eMcept where severe, pronounced changes have 
occurred, as evidence of environmental stresses. Unfortunately, any subtle 
changes that may have occurred as a result of such stresses will likely be 
masked by this factor. 

It the few stations where unlonid clams were present a weight 
Incltrilng and excluding these has been preeented. The reason for ajccluding 
thea is to facilitate in comparison of bioiass figures among stations. 
This was necessary since only a few stations yielded any large clams in the 
samples . 

Finally it is important to make some distinction between the terms 
eutrophic and organically polluted as used in this report. While it is 
true that organically polluted areas are almost always eutrophic, eutrophic 
areas are not necessarily organically polluted. The difference is a matter 
of degree. 

The term eutrophic refers to areas that are augmented in terms of 
organic content, and these areas are, as a result, generally much more 
productive (Wetzel 1975). They, in turn, support a variety of organisms 
that utilize this increased organic matter. M a consequence, eutrophic 
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areas tend to support a wide variety of often character let Ic organisms , and 

aeually In. cO'nslderable de,nEitles. iaturally euttophie areas are generally 
found in ehallow protected baye where organic natter (usually 
a 1 1'Ochthonous ) accumola te;g , 

Areag considered organically polluted contain very high levels of 

all'ochthonous, iM'ually anthroi^genic,' organic :matter. Levels are often so 
high that oaqfen deficits in the overlying water coluiiii result through 
aerobic deGomposition of the organic 'matter. This in turn results in the 
elimination of those aquatic species requiring high ■oxygen levels to 
sustain respiration and hence inetabolism. Consequently only a very reduced 
fauna, comprised of those species able to tolerate low oxygen levels, 
remains in these polluted areas. These^ depend,ing upon organic levels, can 
increase significantly in density and become the dominant, and often only, 
fauna present, at levels that far exceed the density of the original fauna. 
Qiaracteristic of these types of coromunitieB are oligochaetes, usually the 
species Tiibifex tub'ifex and Limnodrilus hoffmeisteri . Both of these 
species thrive in these areas simply beca'us.e of the low levels of o:xygen at 
vhlch they are able to exist. In autrophic areas they form a smaller part 
of the fauna, ia,inly because they are considered as rather poor competitors 
in natural situations (Kennedy 19651. 
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TABLE 2.1. 



OaiERMi GIASSIFICATION OF AQUATIC INVroTEBRAra FUNCTIONAL 
FiEDING GROWS* 



Punetional 



Shredders 



Collectors 



Scrapers 



Piercers 



Engulf erg 
(Predators) 



Parasites 



Subdivision of Ftmctional Gcoup 
Doiiiiiant Food Feeding Hechanism 



Living vascular hydrophyte 
plant tissue 

Decomposing vascular plant 
tissue and wood — coarse 

'particulate organic matter 
(CPOM) 



Decomposing fine particu- 
late organic matter CFPOM) 



Periphyton -- attached 
algae and associated 
uaterial 

Living vaBCular hydrophyte 
cell and tissue fluids or 
f i lamentous ( raacr oscopi c ) 

algal cell fluids 



Living animal tissue 



Living animal tissue 



Living animal tissue 



(Modified from Cummins (1978)) 



Herbivores — chewers and 
miners 

Detritivores — chewers, wood 

borers, and gougers 



Detritivores ~ filterers 
or suspension feeders 

Detritivores ~ gatherers or 
deposit (sediment) feeders 

(includes surface film feeders) 



Herbivores — grazing scrapers 
of mineral and organic surfaces 



Herbivores — pierce tissues or 
cells and suck fluids 



Carnivores — attack prey and 
pierce tissues and cells and 
suck fluids 



Carnivores — whole animals 
or parts) 



Internal parasites 
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1. LAKE OUTMIO 

Iptroductloq 

The Toronto Itarbour and Waterfront have been identified by the IJC as 
one of the 38 Areas of Concern where contaminated sediments are a major 
probleii (I.J.C. 1987). HiBtorically, the %Qter£ront has received \rastes 
from a number of industrial and doiiestic sources, located not only along 
the iraterfront, but also along its two major Inflows, the Humber River and 
the Don River. Both have added to local pollution problems by transport 
and deposition of contaminants from upstream sources. At present, these 
continue to add to the eediment contaiiinant burden by addition of new 
material,, as well as effecting a certain measure of redistribution of 
historic material. In addition, domestic and industrial sources along the 
laterfront, as well as lakefill projects that use contaminated sediments, 
provided inputs of contaminants and organic letter. 

Gregor and Rast (1982) characterized the Toronto Harbour and 
waterfront as eutrophic on the basis of their Composite Trophic Index. 
.Analyeis of the sediments,, as well as analysis of the benthlc fauna, showed 
this to be the case throughout the areas sampled* 

3.1.1. TOKOHTO HARBOUR 

Water Quality 

ThB waters of Toronto Harbour can be characterized as hard water of 
high pH (Table 3.1.1). Organic content (as denoted by levels of ODD and 
DOC) was moderate to high Cstatlons 1379 and 1363) and the waters were, for 
the most part, moderately clear and low in sus|»nded matter. The most 
significant exception was station 1363, which had a very high suspended 
load and, hence very murky conditio'ns. Salts (Na, and CI) were also 
■oderately high at most stations. 

Sediment Quality 

The sediments along the northshore, stations 1346, 1360 and 1379, 
yielded high levels of hyar'Ocarbons (solvent extractables. Table 3.1.2) 
P^, pesticides, as well as most of the metals, and in fact most of the 
parameters measured exceeded M.O,E. guidelines. Station 1346 {Fig. 3.1), 
located in an area of sand-silt sutetrate (45%. and 37% respectively; Table 
3,1,2) was moderately high in organic content (TOC = 50 mg/g; LOI - 6.7%). 
Levels of most contaminants exceeded M.O.E. guidelines by significant 
amounts, with levels of PCm exceeding the allowable limits by nearly 32 
times. Pesticides, specifically the chlordanes, endosulfans, and 
heptachlor epoxide, were the highest of any station in the harbour (M.O,E. 
unpublished data). 

Station 1360, also located along the waterfront, was similar in many 
aspects to station 1346. Sediments were mainly silts (56%, T&ble 3.1.2) 



thoogh the clay content was also high (21%). Sediment organic content was 
moderately high as were most of tha other chemical paranieters measured « 
Overall, levels of many of the contaminants, such as hydrocarbons, Cu, Cr, 

M, and Zn were higher than at station 1346. In contrast, PCB and 

:pesticide levels were si'gnificantly lower. 

Station 1379, located at the mouth of the Keating Channel, was 
situated in an almost exclusively sandy area (95%), with only a minor 
amount of silt (4%). Organic content, however, was still moderately high 
(TOG - 26 mg/g). Levels of contaiiinants in the sediments were low, 
indicating the sandy sediments were not retaining these materials in the 
eame way silts and clays appear to. 

Located in deeper leter in the middle of the harbour, station 1363 
appeared to be situated in the main deposltional area (Fig. 3.1). 
Suspended particle load and organic content of the overlying water were the 
highest of any station in the harbour (Table 3.1.1). Sediments were 
predominantly silts (64%), with a high clay content (31%), though organic 
content was low, indicating that much of the material that had accumulated 
here was in fact washed down from shallower areas. Contaminants were 
generally lower than at the north shore stations but were still 
significantly above the guidelines. Pesticide (chlordanes, D!©T 
methoxyclor, endosulfan sulphate) and PCB levels were also high. 

Sediments at stations 1352, 1359, 1373, and 1367, all located in 
shallow areas along the shoreline of the Toronto Islands^ were very 
different from stations along the northshore of the harbour. All four 
stations were characterized by sandy substrates (85%-95% sand), low in silt 
content, and very low in clays. Sediment organic content ^irais very low at 
all stations, as were levels of most of the contaminants, all of which were 
well below M.O.E. guidelines (Table 3.1.2). This was to be expected since 
organic content has been found to be a major factor in affecting 
contaminant levels in sediments (Sigg et al. 1987| Mudroch a. Duncan 1986). 

Benthic Invertebrates 

All three stations located along the Toronto Harbour north shore were 
more or less similar in the composition of the benthic fauna, and differed 
primarily in density of organisms. At station 1346, the benthic fauna 
consisted almost entirely of ollgochaetes (99%) which were represented 
exclusively by the Tubifex tublfex - Limnodrilus spp. community. 
Brlnkhurst (1970), in his 1969 survey, found these to be the most common 
species in this part of the harbour and attributed this fauna to the 
increased organic content of the sediments. The moderately high density 
and blomass (Table 3.1.3), and the large proportion of immature worms, 
indicated that the contaminants noted above had a relatively minor effect 
on the density of the Qligochaete fauna. 

Sediment fine particle feeders also comprised 99% of the fauna at 
station 1360. The only other species present was the ollgochaete predator 
Procladius (Chlronomidae) , Conditions appeared unsuitable for other 
organisms, the most likely cause having been the high sediment organic 
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content, which would have placed a high oxygen stress on the oEganisms 
inhabiting this area. It is noteworthy that the benthic fauna was also 
considerably larger in both density and diversity than at station 1346, 
though the sediment fine particle feeders still fomed over 99% of the 
fauna. The oligochaete community, while comprised mainly of the Tub i fax 
tublfex - Limnodrilus spp. association, also contained a few other species 
as well (Table 3.1.4). Bionass was also much higher at this station and 
all these differences, taken together, seem anomalous in light of the 
increased levels of contaminants in these sediments. 

Evans et al (1988) and todrews (1987) have shown that at least some of 
the metals in organic sediments (Zn, Co,) are primarily (in the 80% range) 
held in the residual fraction and thus may be largely unavailable to 
benthic organisms. They also indicate that the availability of these may 
further decrease with decreasing sediment Eh, thus making contaminants in 
anoxic sediroents more resistant to uptake by benthic animals. Recent work 
(Poulton et al 1988) has also shown that some of the metals (Cu, Cd, Mn, 
and Pb) reside in the organic fraction and it is these same contaminants 
that tend to reach their highest levels in fine-grained sediments (silts 
and clays) of high organic content. Since much of the infauna feed on 
these sediments, theoretically these would also be more available to 
benthic organisms. Of these contaminants, however, those that reside in 
the clay fraction would tend to be less available to benthic organisms, 
since few if any animals inhabit or ingest clay sediments (Hynes 1970). 

The high organic content at these two stations would contribute to 
both of these factors, and this may have accounted for the large 
populations of oligochaetes that seemed to occur in spite of the high 
contaminant levels. The sediment feeding infauna, which includes the 
oligochaetes, have traditionally been considered to be most at risk from 
contaminants within sediments because of their rather indiscriminate 
ingestion of the sediments. Surface (epibenthic) species were generally 
considered to be less affected and surface predators to be affected least 



of all. However, re 
indicate that the 

Chapman et al (1982 



jcent studies (van de Guchte et al 1988; Beak 1987) 
opposite may in fact be true in certain situations. 

^a, b) and Wiederholra et al (1987) both found that when 
sediments were introduced into bioassays, the toxic effects of some metals 
and organic compounds were reduced. Evans et al (1988) and Beak (1987) 
have both found that sediment pore water often contains a much larger 
bioavailable fraction of an individual compound or element than do 
sediments, mainly as a result of sediment desorption (reflux) . Thus, 
epibenthic species may in fact be more likely to come into contact with 
toxic, or bioavailable, forms of these chemicals through surface 
absorption, than the infauna is through ingestion. 

The fauna in areas where these metals have been found to accumulate is 
elmilar to that found in organically enriched areas, which implies that the 
same benthic conmunity that is tolerant of organic pollution is also 
tolerant of these metals (to a certain threshold (Poulton et al 1988)). 
This was borne out at many of the stations in this study, where the typical 
organic pollution community was present in great density in conjunction 
with elevated levels of these metals (where other contaminant levels were 
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IQV). 

Therefore,|. while little correlation seems, to exist between sediment 
metal levels and aquatic invertebrate density (Poulton et al 1988), Beak 
(1987) noted that diversity was negatively, though not significantly,^ 
correlated with levels of certain organic pesticides. While Beak also 
found that certain pesticides correlated positively with density this is 
likely a spurious correlation. Beak {1987), indicated that many organic 
eomppunds, particularly hydrophobic ones (most of the organic pesticides), 
tend to accumulate in fine grained sediments. Since both these and benthic 
density are positively correlated with sediment organic content, it seems 
likely that the pesticides are in reality correlated with sediment organic 
content and not benthic organism density. Since levels of numerous 
pesticides were higher at station 1346 than at station 1360 (chlordanes, 
dleldrln, D1®T methoxyclor, endosolfans and related compounds, endrin, and 
heptachlor epoxide), some reduction in density of the fauna at station 1346 
could well be due to chronic effects from these compounds. These results 
are consistent with those of Beckett and Keyes (1983), who found that both 
total density and diversity were reduced in areas receiving organic 
contaminants . 

Station 1379, located in a sandy area at the mouth of the Keating 
Channel, was still high in organic content and this, in turn, supported the 
large coimunlty of sediment fine particle feeders, such as oligochaetes 
(which themselves comprised 99,9% of the fauna). Density and biomass of 
the oligochaetes was high (Table 3.1.3), and this fauna consisted almost 
exclusively of the T. tub if ex - Limnodrilus spp. coimunity associated with 
organically polluted conditions. Levels of contaminants in the sediiients 
were low, indicating this area was not exposed to the same types of 
contaminants as were stations 1346 and 1360, or if it was, the sandy 
sediments were not retaining the laterials in the same way silts and clays 
appear to. 

Located in deeper water in the middle of the harbour, station 1363 
appeared to be situated in the main depositional area of the harbour (Fig. 
3.1). While suspended particle load and organic content of the overlying 
water were high, sediment organic content was low. Indicating that much of 
the material that had accumulated here was likely washed down from 
shallower areas. The benthic fauna was almost exclusively sediment fine 
particle feeders, of which the sedlinent infauna comprised the major part 
(70%; Table 3.1.3), Sediment surface feeders, such as the clam Plsidi'um 
casertanum . were also significant (29%). PrQcladius , as the sole predator 
species, and Asellus. , an epibenthlc grazer, both present in very low 
densities, were the only other groups, present. M at the north shore 
stations, the oligochaete fauna consisted primarily of the T. tubifex - 
Limnodrllus spp. community characteristic of polluted areas. 

Stations 1352, 1359, 1373, and 1367, were all located in shallow 
generally sandy areas along the shoreline of the Toronto Islands. The 
benthic fauna at these stations was typical of littoral areas, with high 
densities of amphipods ( Gammarus spp.), chironomids (in particular 
Endochironomus , Cryptochironomus . and Chlronomus ) and molluscs, of which 
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PliSldi'um spp. and Valvata spp. were the most co^nmoe. Blo'mass values 

indicated these were all highly productive areas which compared well with 
other similar areas of the Great Lakes ('Co-ok & Johnson 1974). Oligochaetes 
formed only a minQr part of the fauna, (max.. 31.5% of Station 1357), though 
the species represented had changed little from other areas of the harbour 
(Table 3..1.4). 

Station 1352 yielded the highest sediment silt and organic contents of 
these four stations (Table 3.1,2). Despite the high levels^ oligochaetes 
comprised only 28.6%. of the fauna,, even though sediment fine :particle 
feeders domi:nated the fauna (45%. of the total density was comprised of 
oligochaetes, Valvata spp., Pisidium spp., and Glvptotendipes ) . The other 
major gr'oup was the epibenthic grazers .associated with the micro-flora and. 
-fa'una which are the major decompoeers of coarse detritus.. Th.is group, 
comprised of Isellus, EndochironQmus dispar , and temparus fasclatus . made 
up 35% while predators, represented by the single species Crvptochironomus . 
comprised 18% of the total fauna. Thus, while a sizeable fraction utilized 
fine organic particles, at least half of the fauna did not and utilized 
instead, a more local source of energy, ramely the coarse organic detritus 
so prevalent in littoral areas. 

A sim.ilar situation existed at station 1359 where the epibenthic 
'grazers, represented by the species Endochironomus and G,. fasciatus made up 
27% of the fa'una. The higher percentage of sediment fine particle feeders 
(72%) implied a relatively lower amount of coarse organic detritus. 

Station 1373, also in a mainly sandy area, yielded a more even 

distribution of the same assemblage of feeding groups. Grazers on coarse 
detritus made up 31%, while predators and sediment fine particle feeders 
comprised 11% and 58% respectively, though with no significant change in 
the species represented. BiO'mass was lower than the preceding two 
stations, mainly as a result of the reduced mollusc density. 

Station 1367, with 68% of the fauna present as Gaiimarus lacustrls 
indicated that macrophytes played a major role in defining the benthic 
composition, since this species is often found as grazers on microorganisms 
and seston on macrophytes. The lepldopteran Munroessa , a miner in aquatic 
plants, is also an Indicator of the occurrence of macrophytes. Sediment 
fine particle feeders were co:mmon as well and represented 15% of the total 
fa'unal density. 

In summa.ry,. three broadly defined areas were evident within the 
Toronto Harbour as tased upon the tenthic fauna. The first was a zone of 
organically enriched sediments along the waterfront, characterized by high 
densities of oligochaetes. Some Improvement does appear to have taken 
place.. Brlnkhurst (1970:) found densities of oligochaetes upwards of 
250,000/m2 while the maximum recorded during this survey was 31,631/m2 at 
station 1360. Sediment organic content was much lower in the harbour than 
has been o'bserved in areas where densities of 250,000/m2 to 500i,00i0/m2 were 
recorded (see for example, Kam River data in Jaagumagl (1987)). Evidently, 
some decrease in organic content and therefore organic pollution has 
occurred since Brlnkhurst's (1970) survey. While Gontamlnant levels in 
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these same areas were high,, they have apparently had little dlscernable 
effect on the oligochaete coiiiunity^ the only najor tenthic group in these 
areas . 

M noted earlier, a coirrelatlon does exist between total benthic 
diversity and certain :^:sticides (Beak 1987). These contaminants co'Uld, 
also, be responsible for some reduction in .benthic density in those areas 
where levels were high (station 1346), and could serve to limit future 
colonisation of these areas by other organisms as sediment organic condi- 
tions improve. It appeared, however, ttet some of the other contaminants 
were not reaching the organisms, and in those cases were likely present in a 
form u,nava liable to the tenthic fauna. Other contaminants apparently had 
little effect on those species present, though these were mainly those 
already kno'wn to be tolerant of organic pollution. These species also seem 
to have a tolerance to certain of the metals. 

A trans It io,nal area, represented fay station 1363, also revealed a 
trend toward improved sediment conditions. S:peclfically, this was 
reflected in the increased diversity of feeding groups and a decreased 
dominance of the benthic fauna by high densities of oligochaetes. One of 
the most heavily polluted areas during the 1969 survey by Br inkhurst 
C1970'), this area ap^pears to have undergone some improvement, since then. 

The third zone, located around the Toronto Islands, was characterized 
by a diverse fauna, typical of shallow, eutrophic littoral areas of the 
Great Lakes, iedlment organic content was very low, as were contaminant 

levels, and the major factors determining benthic composition appeared to 
be' depth, the occurrence of ■macrophytes, and the levels of detrital 
material. 



3.1.2. T^ONTO mrm HIRBOJR IND MSIieiJ ISaDLMiD 



Water Quality ' 

Water quality data (Table 3,1.5) indicated the areas sampled (Fig, 
3.1) were predominantly hard water areas, of high pH, with moderate organic 
levels. Suspended particle load was variable and generally highest at the 
silty stations, reflecting the depQSitio:nal nature of these areas. 

Sediment Ouality 

Stations were located in a variety of habitats, ranging from protected 
bays to deepwater, open-lake areas. Sediments varied from silts and clays 

in the protected areas, to rock and gravel at those open lake areas 
subjected to current and wave action (Table 3.1.6). Organic content was 

low at most stations, as were levels of most contaminants. 

Three stations were located in the Outer Harbour. Station 1389, 

located near the eastern entrance to Toronto Harbour, was sit'uated in an 
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area of. eedlment accumulation. Sediments consisted primarily of silt (58%) 
and clay (24%), and were moderately high in organic matter {^TOC and LOI, 
Table 3.1,, 6). Contaminant levels were only moderately high, though P'CB 
levels were well above M,.O.E. guidelines (9 times higher), and the highest 
of any station outside the Harbour. Pesticide levels were also slightly 
elevated. Sediments at station 1391, the second station located in the 
Outer Harbo^ur> were comprised primarily of sand (94%) with a low silt (4%) 
and very low organic content. Contaminant levels were very low and well 
within M:.0..E. guidelines. Station 2282, the third station in the Opter 
Harbour^, was located close to station 1391 in a predominantly sandy area 
(61%), Silt content was low in this area and organic content, as a result, 
was only moderate. Most of the contaminants were within M.O.E, guidelines, 
or exceeded them only slightly. 

Located in a 'bay or cell of the Eastern Headland, station 210i8 was 
situated in a sand-silt substrate (49%-40%) of relatively low organic 
content. 'Ihlle most contaminant levels were low, high values were noted 
for PCBs and solvent extractables (Table 3. 1.6). 

Located near the tose of the Eastern Headland, station 2238 was in a 
predominantly sandy area (96%) with very little silt or organic matter and 
low in contaminants. 

Station 2034, located in Ishbridges Bay, yielded the highest sedlraent 
organic content of any of the stations outside the harbour (TOC ^41 mg/g; 
LOI - 8.5%). Contaminant levels (Table 3.1.6) were also very high and in 
some cases exceeded M.O.E. guidelines by nearly ten times (e.g., 
hydrocarbons and Cu) or more (PCBs were 18 times higher than the 
guidelines). Pesticides were the highest of any of the stations in the 
Toronto waterfront (especially A-chlordane (104 ng/g), B-chlordane (100 
ng/g), dleldrin (58 ng/g), DMDT methoxyclor (208 ng/g), and heptachlor 
epoxide (40 ng/g)). In general, all parameters were considerably elevated. 

Station 2227, located near the mouth of the Outer Harbour was very low 
in organic content (grain size data were unavailable I, indicating silts 
were low and that sand comprised most of the substrate. Contaminant levels 
were also very low and well within M.O.E. guidelines. Station 2223 was 
located in a more open-water area and consisted of a predominantly sand 
substrate, moderately low in organic content (Table 3.1,6). Contaminant 
levels were moderately low, the exeeption being PCte which were 8 times 
higher than the M.0.1, guidelines. 

Stations 2207 and 2200, located offshore along the eastern waterfront, 
were both in areas of sandy substrate. Station 2207, the only station for 
which sediment analysis data were aw liable, conelsted of 97% sand and was 
very low in organic matter. 

Benthic Invertebrates 

ht all three of the stations in the Outer Harbour, the fine sediment 

feeding infauna dominated the benthic populations. ht station 1383 this 
group, comprised of the oligochaetes, Pisidium casertanum and Chironomus 
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Dlumosus . accounted for 99% of both faunal density (Table 3.1.8) and 
biomass (Table 3.1.7). The predacious chironomid Cr^/ptQchironomus and the 
epibenthic grazers Pontoporeia hoyi and Gammarus fasciatus made up the 
other groups present, but together accounted for only 1% of the fauna. The 
lajority of the benthic fauna was oligochaetes (90%), though the community 
present was moderately diverse and consisted of species not commonly 
associated with extremes of organic enrichment, such as Spirosperma for ox 
and Potamothrix moldaviensis . 

Despite the mainly sandy subetrate and the low organic content, 
sediment fine particle feeders formed the liajor part of the fauna (85%) at 
station 1391, with epibenthic grazers ( Endochironomus and Gammarus 
fasciatus ) the only other group present. Much of the sediment fine 
particle feeders consisted of species associated with eutrophic conditions, 
such as Chironom'iis plmosus and the oligochaetes Tubifex tubifex and 
Limfi'Odrilus . Total density of organisms and total bio:mass were the highest 
of any of the stations outside Toronto Harbour itself (Table 3.1.7), All 
of these factors, though especially the large population of G. fasciatus , 
indicated that while eutrophic conditions existed in this area, it was not 
severely polluted. 

While sand still made up the major fraction of the sediments at 
station 2282, the benthic coiiHiunity was predominantly oligochaetes (83%, 
Table 3.1.7). Organic content was higher than at station 1391 and the 
percentage of sediment fine particle feeders las also higher, making up 
over 99% of the fauna. Despite the high density of oligochaetes, 
chironomids, regardless of their lower numbers, formed most of the biomass. 
The presence of QiironQmus Dlumosus . a large-bodied species, was the main 
cause of this disparity. A small population of Gamnarus fasciatus 
comprised the epibenthic grazer co'imunity, though this was represented by 
only a few individuals (Table 3.1.8). te at station 1391, the fauna 
indicated that eutrophic, and, somewhat polluted, conditions existed in this 
part of the Outer Harbour. 

Oligochaetes also dominated the benthic fauna at station 2108, 
comprising 80% of the fauna., and sediment fine :partlcle feeders as a whole 
constituted 98% of the total fauna. A small group of predators 
( Crypt QchironomuB I , and epibenthic grazers (P. hoyi and Asellus ), comprised 
the reialning 2%. Overall, the density of organlsiis was lower than at the 
preceding stations, despite similar levels of organic matter. The 
ollgochaete fauna (Table 3,1.8) was typical of near -shore (littoral) areas 
and was not dominated by the pollution tolerant forms typical of some areas 
in the Outer Harbour and Toronto Harbour. 

Pesticide levels were also higher at this station and the increased 

levels of chlordanes, dleldrin and methoxyclor that occurred at this 
station, (and at station 1389) may be at least partly responsible for some 
of the reduction in density, since the higher organic levels shoold 
logically have supported larger populations of both oligochaetes and 
chironomids, the two groups most reduced. However, conclusions tesed on 
changes in density in natural (field) situations are somewhat tenuous, 
since a number of other, wholly unrelated, factors may be influencing the 
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density in these areas. 

Situated in a sandy area at the base of the eastern headland, station 
2238 was low in both organic matter and contaminants. The benthic fauna 
was correspondingly reduced, and while comprised exclusively of sediment 
fine Eartlcle feeders, was low in both density and diversity. Present were 
only those organisms Gommonly associated with organic enrichment and low 
oxygen content, such as Tubifex tubifex and Limnodrilus hoffmeisteri . The 
reduced density of organisms is consistent with a sandy habitat, which in 
addition to providing little organic matter for food, can also be a 
suffocating environment (Hynas 1970). Presumably, currents created by the 
itostern Headland were responsible for the mainly sand substrate and these 
erosional forces had likely resulted in little deposition of surficial 
coarse organic matter, since, as denoted by the fauna, only fine organic 
particles in the sand matrix appeared to be present. 

Station 2034 i*ras located in Ashbridges Bay, which was the most 
contaminated area along the Toronto Waterfront, Despite the increased 
contaminant levels, a sizeable oligochaete community was found to exist 
(ca. 9,000/m2, Table 3,1.7), though it was represented by the most 
pollution tolerant species. Density, however, was relatively low, despite 
the higher organic content. Since elevated organic levels commonly result 
in major increases in oligoGhaete density, which were lacking at this 
station, presumably other factors were serving to limit density of the 
fauna. Both a high rate of sedimentation and/or resuspension of fine 
mater ial, or significantly elevated levels of contaminants could result in 
this type of effect. Evidence indicates the latter may be the cause at 
this station. Levels of all contaminants were high, with most reaching 
their highest levels outside of the harbour. Pesticide levels were 
similarly elevated. In addition, this area showed signs of relatively 
severe organic contamination based on the benthic fauna. Oligochaetes 
represented the only feeding group present, the sediment fine particle 
feeders, and were the exclusive representatives of this group. 

Stations 2223 and 2227 were located on the lake-ward side of the 
Toronto Islands in apparently deeper water than any of the preceding 
stations. The main evidence for this was the appearance of a deep water, 
more mesotrophic community . Oligochaetes, the major component of the fauna 
at the near shore stations, comprised a maximum of 44%. 

Sediment fine particle feeders comprised 81% of the fauna at station 
2227, of which Pisidlum comprised the largest fraction. Much of the fauna 
yas typical of other areas inside and outside the harbour, and consisted of 
such common species as Chironomus . Pisidlum . and the oligochaetes Tubifex 
tubifex and Limnodrilus hoffmeisteri . While all of these are common in 
eutrophic areas, the appearance of such deep water oligotrophlc species as 
Monodlamesa depectinata . Potthastia lonaimana , Pontopore ia hoyi . and 
Stvlodrilus herinaianus was significant. 

A markedly different benthic fauna was evident at station 2223, though 
sediment fine particle feeders still formed the largest segment (89%) of 
the fauna. The presence of Stylodrilus heringianus ^ a common component o£ 
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the Qligotrophic profundal regions of Lake Ontario (Kinney 1972) was 

indicative of the earlier mentioned shift to a mesotrophic fauna. (The 
mesotrophic classification has 'been determined, on the basis of a mix of 
cominon eutrophic species such as Chironomus and the oligotrophic species, 
such as S. herinqianus ,). 

Station 2207, situated close to station 2238,. was likely in an 
erosional environment as well. The fauna here contained elements of the 
shallov-water eutrophic fauna found elsewhere along the :Eastern Headland, 
but in severely reduced numbers. 

to even more extreme situation occurred at station 2200^ where the few 

organisms found were likely deposited by the current, since no suitable 

sediment cover appeared to exist. 

Three broad regions were delineated by stations outside the Toronto 
Harbour. The first was an area of organic deposition which occurred in the 
protected bays and shallows along the Outer Harbour and Eastern Headland 
(stations 1389, 1391, 2282, 2108, and 2034). These areas were 
characterized by accumulations of organic matter, as well as various 
contaiiiinants . Most of these areas were not seriously contaminated, with 
the exception of tehbrldges Bay, where contaminant levels appeared to play 
a role in limiting the faunal density. The other depositional regions 
appeared to be suffering only from varying degrees of organic enrichment. 

The second region (stations 2238, 220i0, and 2207) was one of erosional 
environments, lo^cated offshore of the Eastern Waterfront and Eastern 
Headland, and were characterized by sandy substrates supporting low 
densities of organisms. Contaminant and organic iratter levels were low, 
and the 'major factors effecting the 'benthos appeared to be current and 
hence substrate type. 

The third region was represented by the deeper, offshore areas. Also 
low in organic content, the fauna, at these stations (2223 and 2227) had a 
more mesotrophic character, containing organisms commonly found in the 
profundal regions of Lake Ontario. Depth and substrate appeared to be the 
major determining factors while contaminant levels were generally low with 
no apparent effect on, the benthic community. 



3.1.3. HUM^ MY 

Water Quality 

Water quality parameters in Humber Bay were similar to those recorded 
in Toronto Harbour and along the Eastern Waterfront. The bay can be 
characterized as hard water, of high pH, and low in organic content. 
Waters were, for the most part, clear with only a small sus'pended particle 
,load (Ta'ble 3.1.9), 

Sediment Qjualitv 
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Sediments in Huiiiber Bay varied froii sand,^. lo^w in organic content^ to 
silty areas high in organic letter. In broad terms the nearshore areas 
were primarily sand,, while sybstrates in deeper areas were inainly silt 
(Table 3.1.10). Located in a bay near the sewage treatment plant, 
sediments at station 2113 were a mix of sand and silt (51% : 31%) 
moderately high in organic matter. Contaminant levels were also moderately 
high and most exceeded M.O.E. guidelines. 

Sediments at station 2332 were primarily silt and were moderately high 
in organic content. Located off the headland in a depositional area, this 
station appeared to receive inputs of suspended materials as teckwash from 
the Humber River, erosion from the headland, or both. Contaminant levels 
were all high, particularly some of the metals (Gu, Cr, and Zn) and solvent 
extractables (Table 3.1.10). Many of these were 4 to 5 times as high as 
the average for the other stations in the bay (excluding station 2335). 

Located in the wave-zone area near Sunnyslde ■Beach, sediments at 
station 2333 were almost entirely sand (95%.) with a very low silt content, 
and with a correspondingly low level of contaminants. 

Station 2335 was located in the center of the 'bay, off the mouth of 
the Humber Eiver. It was situated approximately 1 km east of the mouth of 
Miniico Creek, and likely received outwash from both the Homber River and 
Mimlco Creek, as well as washdown from the headland. Sedl:iiEnts were mainly 
silts (69%), with a high clay content (24%) and rich In organic matter 
(Table 3.1.10). Sediment contaminant levels were the highest of any of the 
stations, in, Huiiber toy for almost all the parameters measured and all 
exceeded M.O.E. guidelines by significant amounts (many of the metals by 10 
to 20 times e.g. Cu, Cr' and Zn). Pesticides, though present, were at only 
m'Oderate levels with dieldrin and endosulfan 1 the highest (33 and 40 ng/g 
res^ctively) . The high levels of contaminants at both this station and 
station 2332 indicated that the most likely source of these was from the 
Humber River. The low levels aro'imd the headland (station 2113) indicated 
that only a minor amount was contributed by this source. 

Station 2339, located near shore just east of the eastern end of 
Sunnyside Beach, appeared to be In an eroelonal area similar to station 
2333. Though sediment grain size data were not available, it is inferred 
from the low organic content of the sediments that sand and gravel formed 
most of the substrate (Table 3.1*10). As has been typical for these types 
of substrates, contaminant levels were low and reflected the low sorptive 
capacity of sand. 

The remaining four stations were located in deeper water In Lake 
Ontario, SedimentB at station 2352 were comprised of a sand -si It mixture 
(38%-49%) relatively low in organic content. Contaminant levels were 
similarly low (Table 3,1,10}. Station 2355 contained somewhat more silt 
(65%.) than station 2352, and had a higher level of contaminants as well 
(Table 3.1.10). At both, however, the contaminant levels were below M.O.E, 
guidelines for most parameters (a notable exception was PCB. levels at 
station 2355) . 
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Located off the southwestern end of the Toronto Islands ^ station 2362 
appeared to be In a deposltlonal area similar to station 2355. Silts 

comprised 66% of the sediment at station 2363 and both organic content and 
contaminant levels were moderate (Table 3.1.10^1. 

Station 2367 was located in an area of sandy sediments (71%) at the 

southwestern end of Hunter Bay. Organic content was low as were levels of 

contaminants. 

Benthic Invertebrates 

Physical features of the sediments varied widely within Humber Bay, 
ranging from soft sediment in depositio^nal areas to sand in the wave -zone 
areas. These features also influenced the benthic coimunities and, in 
large measure, determined the type of community that existed in each area. 

Located In a bay near the sewage treatment plant (Fig. 3,1), station 
2113 yielded a fauna typical of eutrophic and organically enriched areas. 
Sediments were a mix of sand and silt (51% : 31% I . The benthic fauna 
consisted mainly of oligochaetes (Table 3.1.11) and though these comprised 
97% of the fauna, they did constitute a fairly diverse community 1 Table 
3.1.12). Sediment fine particle feeders as a whole comprised 99% of the 
fauna with the only other group present being a small population of 
Gammarus fasciatus , an eplbenthic grazer. This bay appeared to act as a 
settling basin, and faunlstically was typical of shallow, organically 
polluted areas. 

Station 2332 was located off the eastern end of the headland near both 

the Humber River inflow and the sewage treatment plant (Fig. 3.1). 
Sediments were primarily silt, moderately high in organic content, and high 
in contaminants. The benthic fauna was very low in density in comparison 
to other areas of the bay, though the reasons for this are somewhat 
unclear- While contami:nant levels were high, in many cases these were 
higher still at station 2335 (Table 3.1.10), which yielded a sizeable 
benthic community (Table 3.1,12). The lower clay content at station 2332 
may have meant that more of the contaminants were available in other 
fractions of the sediments, but this remains unproven. Physical conditions 
of the substrate indicate that a sizeable benthic population could have 
been supported in this area. The large organic fraction, however, actually 
supported a small population of exclusively fine sediment feeders. 

Station 2333, located east of the Humber liver just off the breakwater 
at Sunnyside Beach, was situated in an eroslonal area. Sediments were 
almost entirely sand, though this rather sterile environment did manage to 
support a ■moderately large tenthlc community, dominated by sediment fine 

particle feeders (mainly oligochaetes). Species composition was restricted 
ma,inly to Q,. multlsetosus , an Inhabitant of sandy areas, rather than the 
Tub if ex tub if ex - Limnodrilus community common in the siltier, organic 
sediments. Predators ( GcyptQchironomus ) and grazers (P. hovi ) made up the 

very small remaining fraction of the fauna (0.02% and 0.006% respectively). 

■Evidently, substrate and lack of organic :raatter were the major determining 
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factors at this station, 

Station 2335 was located in the center of the bay, off the mouth of 

the Humber River, and approximately 1 km east of the mo^jth of Mimico Creek. 
Both of these likely contributed sediments to this part of the bay. 
Sediments vere ma,inly silts (69%) with a high clay content (24%/) and rich 

in organic matter (Table 3,1.10). Sediment contaminant levels were the 
highest of any of the stations in Hoiiber Bay for almost all the parameters 

measured (all 8 parameters for which guidelines are _ available were 
exceeded, us'ually by significant amounts). A sizeable benthic co:romunity, 
coaprised mainly of oligochaetes (over 99% of the fauna) occurred here, 

despite the elevated contaminant levels. All of the organisms present 
(10^0%) were sediment fine particle feeders (Table 3.1.12) and the fauna was 

comprised mainly of the Tub if ex tub if ex - Limn^odrilus spp. co^mmunity common 
to organically polluted areas. - 

The high density of organisms that existed at this station in spite of 
the high contaminant levels 'may be due to many of these being in a form 
unavailable to the organis.ms (see section 3.1.1, station 1360). Many 
contaminants, es:peclally metals, are adsorted onto the fine-grained 
particles (Poulton et al ISS'O), and. the high clay content of these 
sediments may therefore have had a moderating effect. It is possible that 
the clay fraction of the sediment, nornelly a hostile environment for 
benthic organisms, was acting as a sink for some of the metals a;nd other 
contajilnants noted in Table 3.1,10. 

Station 2339, located near shore just east of the eastern end of 
Sunnyside Beach, appeared to be in an erosional area similar to station 
2333. Though sediment grain size data were not available, it is inferred 
from the low organic content of the sediments that sand and gravel formed 
most of the substrate (Table 3,1.10). The benthic community was also 
rather reduced in density and was comprised mainly of oligochaetes (72%) of 
which the most common^ species was L. hoffmeisteri . The sediment fine 
particle feeders comprised 82% of the fauna while predators 
( QivptochironQmus ) and grazers (P. hovi ) made up the remaining 14%. The 
reduced organic content and the generally erosional environment appear to 
have limited the density of the fauna. 

The remaining stations were located in deeper water further out in the 

bay (Fig. 3.1) and were generally characterized by a more mesotrophic 
fauna . 

Sediments at station 2352 were comprised of a sand-silt mixture (38%- 
49%), and the benthic community consisted of two iwjor components; the fine 

sediment detrltivores such as the chlronomlds, the oligochaetes, and the 
clam, Pisidium casertanum ; and the eplbenthic grazer community represented 
solely by Pontoporeia hovi .. which made up 57% of the density and 61% of the 
biomass (Table 3.1.11). The shift to a community dominated by P. hovi 
lamong the amphlpods and Stylodrilus herinqianus among the oligochaetes is 
characteristic of the deeper, oligotrophic regions of Lake Ontario (Kinney 
1972). These two species make up a large part of the benthic community in 
the profundal regions and it is apparent that the relatively high level of 
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organic matter has permitted a large population of each to develop at this 
station. 

Though silt content was slightly higher at station 2355, the benthic 
fauna was very similar to that at station 2355 (Table 3.1.12) and differed 
chiefly in the increased density of the organisms. The fauna was again 
dominated by Pontoporeia hoyl (54%) and Stylodrilus herlnqianus (25%) . As 
at station 2352, sediment sui'face grazers (P. hovi ) formed the .major 
ecological gr'oup,, with the sediment fine particle feeders, comprising the 
remaining 45% (nelnly S, herinqianos ) . 

Located off the southwestern end of the Toronto Islands, station 2362 
appeared to be in a deposit ional area (silt content was 66%) similar to 

station 2355. The density of organisms was high, and was likely a result 
of the higher organic content of the sediments. As a result, most of the 
density was concentrated in the fine sediment feeders (90%) of which the 
major group vas the oligochaetes (80% of the total fauna). Predators 
C Procladius ) and apibenthic grazers made up the remainder (0.8% and 9.3% 
respectively) . Absent was the deep-water oligochaete S. herinaianus , and 
the £. hovi population was redueed in density, indicating shallower 
conditions, a higher level of organic matter, or both. 

Station 2367 was located in an area of sandy sediments (71%) at the 
southwestern end of Humber Bay. The lower density of organisms reflected 
the lower organic content of the sediments though the composition of the 
fauna had not changed. Sediment fine particle feeders still dominated the 
fauna and only their density was reduced. 

In summary, the stations located in Humber Bay defined four broad 
zones. The first was a shallow-water zone characterized by the deposition 
of fine sediments and high organic content. The benthic community was 
typical of eutrophic littoral areas, comprised mainly of fine particle 
feeders, the chironomids and oligochaetes. Where contaminant levels were 
low, the fauna appeared quite diverse (station 2113) and density was high. 
Where contaminant levels were high, the fauna appeared to be reduced 
(station 2332). This zone was apparently restricted to the protected bays 
and shoreline areas. 

The second zone was an erosional area along the open shoreline of the 
bay, which as a result of wave or current action appeared to retain little 

organic matter. Is a consequence, these areas (stations 2333 and 2339) 
were low in sediment organic content, and density and biomass of the 
benthos was lower. The sandy substrate, low In organic matter, bore little 
evidence of contaminants. 

The eutrophic third zone lay further offshore in an area of deeper 
water that appeared to receive much of the fine sediments that were carried 
as outvash from Humber River and Mimico Creek, and as washdown from 
stallower, shoreline areas. This area of silty sediments, high in organic 
content (station 2335), was characterized by elevated contaminant levels 
and high densities of typically eutrophic species (oligochaetes). 



~ 21 - 

The last zone was the deepex^ mesotrophlc area furthest out into Lake 
Ontario. 'These areas (stations 2352, 2355, 2363, and 2367] were 
eharacterized by faunal elements typi,Gal of the deep,, oligotrophic areas of 
Lake Ontario, though they did contain some characteristically eutrophlc 
elements as well. Contaminant levels were low and appeared to have no 
effect on the fauna at these locations. 



3.1.4. SIMMMY 

1) teeas along the Toronto Waterfront, inside Toronto Harbour (stations 
1346, 1360, 1379), at Mhbridge Bay (station 2034), and Mimico Creek 
(station 2113) appeared to be' organically polluted. The benthic 
coiiiiunities were reduced in diversity and consisted primarily of 
oligochaetes and chironoiiids . Species present were typical of 
organically polluted areas. 

2) The areas noted in (1) above were also the most chemically 
contaminated areas, though the benthic coiraonunity, already a stressed 
fauna, bore no clear evidence of effects by these chemical pollutants 
except for a general reduction in density where contaminant levels 
were highest « A general reduction in faunal density, as com:pared, to 
earlier studies, was evident throughout. Though such a reduction is 
consistent with sub-acute effects of contaminants, it Is more likely 
to 'have Qccurred primarily as a result of lower organic content in the 
sediments or seasonal changes in benthic production. 

3) Areas further offshore, such as station 1368, statio'ns 139'1, 1389, 

2282, 210i8, and stations 2331 bore evidence of organic enrichment, 
though the fauna appeared less severely affected than at the stations 
noted in (1) above. Contaiiinant levels were generally lower as well, 

4) Sandy, erosional areas had their own characteristic faunas and were 
found at stations 2333, 2339, 2200, 2238, and 2207. Sediments in 

these areas were characterized by very low organic levels. 

5) A more mesotrophlc area appeared offshore, in deeper waters, gs 
defined by the benthic communities at stations 2367, 2352, 2355, 2223, 
and 2227. All had low organic and contaminant levels and contained 
elements of the benthos more typical of the oligotrophic profundal 
regions of Lake Ontario. 

6) Finally, a littoral, eutrophic though apparently not polluted zone 
existed near the Toronto Islands, inside the harbour at stations 1352, 
1359, 1367, and 1373. All were characterized by a large diversity and 
density of littoral organisms, many commonly associated with coarse 
detritus and macrophytes. Though organic content was variable, 
contaminant levels were generally low. 
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TABLE 3.1.1. WATER QOALITY DATA - TOROOTO HARBOUR. (TAKEN 1 M OFF BOTTOM). 



Statioi 


Pi 


EaidDesg 
(ig/1) 


Cbeiical Oifgei 
lig/1) 


Bi6Eol?ed Orgiiic 

Carki IOC) 

fi|/i} 


Total IJe] 

Nitrogei 1 

(ig/ll 


fis; 


Turbiiity 


Susfeided 

Particulate 

{■i/1} 


Sodiui 
ial 
ig/i) 


Cllorlde 
(■l/ll 


1316 


S.OiOi 


13i.O 


fj 




2 J 


'01.24 




3.11 


4.51 


16.01 


3i.l§ 


13SP 


8.28 


1215 


SJ. 




2.2 


0i.4l 




1.64 


6.6? 


18.601 


35.45 


1319 


LB 


248.5 


IIJ 




3.5 


1.20 




lL5i 


36.56 


61.61 


113. 0'i 


I3il 


IJl 


154 Ji 


28.2 




2.2 


i.5ll 




) 200.10 


325.00 


IT. 11 


33.45 


1352 


6.0'3 


141.0 


4,.I < 


T 


2.2 


0.2? 




5.20 


4.61 


15. 2i 


29.60 


13:59 


8J1 


14ft. i 


1. 7 




2.2 


0.11 




2.30 


3.81 


16.6fl 


30.35 


1313 


ej5 


143 J 


3.6 ( 


T 


2.1 


0.25 




1. 17 


3.?e 


14.31 


2i.l5 


136? 


e.io^3 


131.0 


4.4 < 


T 


2.1 


6.61 




2.6(1 


6.40 


13.40 


2?. 25 



TABLE 3.1.2. SmiMENT DATA - TORONTO HAffiOlIR, 



Btatioi 
iiiikr 


Grain Site (11 
erafel/Saiid/Silt/CliF 


fotai OTiaiic 

Carboi (fOC) 

{ii/i) 


Loss 01 

Ignitioi (LOI) 


Total 1 
Plospiioras (!P| t 
(ig/i) 


otal Ijeidatl 

itropi fTIi) 
(Bl/ll 


Solvent ■ 
Extractables 
:ug/g) ^ 


1346 


2/46/18/1 




50.0 


e.70i 


1.51 




,1.30 


1 

s.sio.ois 
I 


1360' 


0/20/57/2! 




51.0 


7.60 


1.82 




1.40 


12,4210 


1311 


O/ii/l/l 




2S.i 


01.41 


Oil 




^A^ 


139.0 1 


1383 


0/3/S4/32 




< 5J 


5.00 


1.47 




i.60 


4,555.0 Bi 
I 


!352 


5/85/8/2 




IJ 


i.!0 


§.40 




OJO 


213.0 


llii 


mmn 




( 5.0 


0.45 


0.33 


* 


0.10 


94,0 1 


i3?3 


1/93/1/1 




< 5.9 


O.fS 


0.37 




9.23 


394.0^ B 

I 


131? 


3/91/4/1 




< 5.0 


§,16 


0.40 




ejd 


255.01 

1 


Stitioi 
iiilitr 


(Ui/i) 


(li/ll 


If 

{mm 


h 
(ui/il 


Is 

inii) 


Ii 
(ui/ll 


il 
{ttl/g) 


Total 
FCB's ■ 
fil/l^ 


y46 


140 J 


85J 


2.60 


16,010.0 


6.58 


420. Q 


9,:50o,.0 


L,5'3o| 


13ES 


320. Q' 


lli.O^ 


1.40 


23vili.O 


10.52 


650.0 


li, 000.0 


^ 11 m 


im 


l« 


15.0 


ii.03 


7J00.i 


0.73 


ei.o 


2J0yJ 


m 

20' 


1563 


lOiJ 


lii.o 


0J3 


n.ooi.o 


9.67 


320.01 


2QJSi,0 


tee 1 


mt 


11. 


12.0 


< 0.01 


SJIOi.O 


1.43 


21.0 


2,TO.O 


<20| 


1359 


5.7 


?.? 


i Oil 


i.iii.o 


0.34 


10.9 


I ,,#0.0 


■ 
< 2§ 


1373 


m 


e.e 


0J2 


4,210.0 


1.15 


28.0 


2,400.0 


i u 1 


HIT 


iij 


11 J 


< 0.31 


7,,10§.0 


i.2e 


30.0 


2,800.0 


i n m 



I 



TMLE 3.1.3. DISTRIBUTION, DMSITY MD BIOMISS ESTIMaTlS OF MAJOR MACEOBENTHIC TMA 
TORONTO tttRBOUR. 

Ml 'values .are e:,3cpressad as #''s ,per square meter. 



Station #1346 



Station #1360 



Station 11379 



Ikverage # Blomass Average i Bioinass Average # BiO'inass 
teganisiE Cgms) Organisms (gps) Organisms (gms) 



ARTmOPODA 
Class Insecta' 
0. Trlchoptera 
0. Coleoptera 
0. Dipt era 

F. Chlronomidae 
. Lepidoptera 

Cla,ss Arachnida 
0. Acarina 

Class Crustacea 
Subclass Malacostra'Ca 
0, .Amphlpoda 
O, Isopoda 

MOLLUS'CA 
Class Gastropoda 

Class Pelecyp'Oda 

ANMELI'DA 
Class H i r ud i nea 

Class Ollgochaeta 



31 



m 



01.00128 



0.078 



10 



123 3.625 
123 0.4843 



24 0-0478 



5,,791 3.4832 31,375 23.96'8,4 20,365 17.2952 



TOTAL I ORGINISMS 

TOTAL BIOMABS 

OOillCTED BIOMASS 
(+10%) 



5,832 31,631 

3.5640 28.078 

3.9204 30.8858 



20,392 



17.343 
19.0773 



TlfflLl 3.1.3. (Continued) 



Ml values are expressed as i's per square meter. 



Station #1363 



Station #1352 



Station #1359 



leverage I Bioraaes Average # Blo^iass Average I BiQ^iuass 
OrganiBiis Cgms) Qcganisins (gms) Organ 1 ems (gms) 



MTHIOPODA 
Class Insecta 
0. Trichoptera 
0. Coleoptera 
0. Diptera 



F, Chironoiiiidae 
0. Lepidoptera. 




14 


0.0066 


375 


0.1817 


825 


0.2208 


Class Arachnida 
0. Acarina 








46 


0.1476 






Class Crustacea 
SubGlass Malacostraca 
0. Jtophipoda 
0',. Isopoda 




i 


" 0,0065 


735 

349' 


0.1045 
0.2244 


111 


,. 0.4617 


HOJimCA 
Class Gastropoda 




i 


0.2492 


581 


7.9701 


1,593 


8.7784 


Class Pelecypoda 


1. 


524 


3.6757 


198 


2,2498 


mi 


2 . 1518 


MNFJ.IDA 
Class Hirudinea 








25 


0.0408 


m 


0.2203 


Class Oligochaeta 


3, 


595 


2.9770 


917 


0.1752 


1,675 


0.5071 


TOTAL # ORGANISMS 


5, 


145 




3;, 221 




5,463 




TOTAL llOmSS 






6.9150 




11.0941 




12.34011 


ODRRlCraD BIOMASS 
{+10%) 






7.6065 




12,2035 




13.5741 









































ThUE 3.1 


.3. (Continued} 










.All values 


3 are expressed as #*s per 


square meter. 










Station #1373 


Station 


#1367 








Average # Bloinass 
Organ i sua (gns) 


Average I 

'Organ isms. 


BioniBss 

(giis) 




















989 0.7682 


3 
586 


0.0042 
0.6168 








• 


§, 










m 0.0073 












903 0.7822 
12 0.0032 


3,594 
23 


2.8750 
0,0227 








596 3.7548 


318 


1.6880 








343 1.4655 
If 0,0696 


541 
8 


1,7514 
0.1562 








1,322 0.4497 


249 


0.1243 








4,215 


5,332 










7.2905 




7.2386 






8.0196 




7.9625 










•: 





























• 










TMT.R 3.1.4. DENSITY 


MID DISTOIBUTION 


OF MACRORFMTOC TMA 


- TORONTO HIRBOUR. 












STATION NOHBER (I7r 


t) 








SPECIES 


1346 


1360 


1379 


1363 


1352 


1359 


1373 


1317 




TRICKGPTERA 




















rjydroptiiidfli: Agraylea ip. 
LEPIDOPTERA 
















' ^ 
^ ¥ 




Munroesia sp. 




















DIPTERA 




















ChiroiOiidae: 




















CryptachironoiUB sp. 




■ 31 






'433 


279 


440 


"0^ 




Clufonoius piuioiui group 








It 






33 


3 




Qicrotendipss sp. 
















14 




Endochironoius diipar qroiup 










8S 


425 


417 


£"4 




SlyptorendipBs (Siyptolendipfs) 










31 


< 








CI aoot any tarsus sp, 












12 








P'ociadius 5p. 


fii 


31 




1 












hm.imm 




















:3iiiandai[ 




















Gaiiirus fasciatus 










553 


1 11^ 


724 






G. iacustns 
















-.3^4 




:3GP0D:A 




















flsillidae: Asillus sp. 








4 


100- 




13 


31 




PEIECYPQBA 




















.Sphafnidae: 




















Spiiiin'Ji striatinui 








8 


15 


11 








Pisidiui cassftanui 




m 


1' 


1,011 


73 


1,505 


417 


J -J i 




Susculius transversui 
















3 




QASTROPOBA 




















yalvatidae:: 




















Valvata sinceri 






11 




245 


3:0 


234 


■ J 




y. tncarinata 










m 


143 


t|4 


lit 




Physidat: 
rhysfili gyrina slyi 






























23 




46 




Lyiinaeiaaei 




















Stagnicola catascopiui 












11 








Pseiiaosuccinsa coiuieila 
















1 




Planorbidai: 




















Heiiso'ia sp. 














11 






Hydrobiidae: 




















ftinicola liiosi 




153 




i 


42 


U 




7? 




Bithynia ttntaculata 
aiRUfllNB 














it 
























Hiluddella stagnaiis 










It 










■floor 80'tidii la sp. 












if 


li 


- 

Ui 




O'LieOCMETA 




















Miididaei sp. indet. ^* 




853 
















Enchytraeidat: sp. indtli 












so 


11 






Tubificidaes 




















Tubifex tabifix 




4,1S7 


'552 


582 












Quistadrilus liltisetosus 




1,&55 




429 












Potaiethfi::; ioldiviensis 






2,267 






230 


11' 


22 




Liinodriius hoffmeistin 


214 


1,655 


3,953 




142 


540 


4(}l 






L, claparediianus 






552 


2fi 












L, uaekgiiarrus 






1,685 














litaiures with capiilifori SBtie 


674 


5,0^25 




SB2 




S'S 








liiatures yitiiout 




















capiilifori setae 


4,872 


10,050 


10,724 


1,533 


559 


31? 


e~ • 


Ibi 




Total Nuiber of Organisif 


U|' Oji;! 


22,859 


19,753 


4,527 


2,443 


5,86B 




5,413 




Speciis livfrsity (H') 


0.82 


2.25 


i.50 


2.43 


2.33 




^ . u i 


1. 32 




Sptciis Richniii (SJ.) 


0.41 


1.03 


0.82 


1.41 


1.86 


^ I ajL 


i. • Uu 


2.29 




Evenntss (J'j 


0.41 


y.bB 


0.63 


0.70 


0.78 


0.74 


0.34 


0.44 





TABLE 3.1.5. WATER QUALITY DATA - TQBONTO OUTER MroOUR AW EASTERN fffiADLAl© (TMEN 1 M OFF BOTTOM) 



Cleiical Oirggi iissolrii 
Statioi pi BardDegs DeiaBct jOOil Carloi 



iiiber 



iripic Total Ije 



if" 



trogen 



1 Sispendei Sodiiii Chloride 

} TurbidilF Particulate fia) fCll 
(ii/1) tii/1) lil/il 



13Si 


IJ8 


131.1 


10.3 


2.0 


0!.2i 


25.01 


35.30 


13 Ji 


25.65 


1391 


1.12 


121.5 


8.2 


2.2 


0.26 


i.e? 


1.1 


12.90 


26.05 


2282 


8.11 


132.0 


I.I 


2.2 


0.26 


l.i! 


1.64 


IIJO 


25.60 


21fl8 


8.20 


I2i.0 


f J 


2.1 


0.26 


3.50 


101.23 


12.50' 


24.95 


2238 


eJ2 


133 J 


5.7 


2J 


0.3fl 


1.81 


4.58 


12.30'' 


24.10 


20131 


1.94 


[53.5 


n.5 


3.4 


3.30 


6J0 


31.84 


28.10 


55Jfl 


2223 


iJ6 ] 


2L5 


ij 


2.01 


i.25 


1.85 


5Ji 


12.80 


24. ii 


2.22? 


8.34 ] 


3IJ 


IJ 


IJ ' 


0.21 


0.72 


2.16 ■ 


12.90 


25.65 


220? 


8.11 ] 


26 J 


6 J 


2.0 


0.31 


2.20 


14.73 


llJi 


21.41 


22001 


8.30 ] 


2fi.fl 


1,1 


2.1 


0,25 


■0.15 


0,16 


11. Si 


24.40' 



TABLE 3.1.6. SmiMENT DATA - TOIONTO Omm EMmm AND MSTIRN IffiMJLAMD' 



Statioi 
imbif 


■Olnin Site %] 
erafil/Said/Sllt/CliF 


Total Ofgaiic 

Carboa (TOC) 
{mm 


rm 


01/11/51/21 


30. 


1381 


i/i47'l/i 


i 5J 


2282 


i/g2/2e/g 


15.1 


2iOi 


i/ie/io/s 


11. § 


2213 


t/il/2/1 


< 5.8 


2034 


0/42/13/3 


41.0 


2223 


' i/ie/ie/3i 


8.9 


222? 


-' 


< 5.0 


220! 


l/ST/l/O 


< 5.0 


2200 


m 


m 



Loss 01 
Iliitioii {MI) 


lotal 
Pkii|leriii (IF) 
lii/l) 


Total Ijeldatil 

Sitroiea (Til} 

imii] 


Eolfeat 

litractabia 

imii) 


4Jff 


O.'BS 


IM 


LlliO 


S.S9 


i.ll 


n in 


3S2J 


IM 


i.81 


9,. 50 


S8i . 


2,10 


i,?3 


iJO 


2,5!!.e 


9.28 


LM 


1.10 


143,0 


8JS 


2,41 


IJO 


14,456.0 


1.10 


i,i? 


§,50 


ajsO'.i 


128 


3.84 


8.10 


ii2.i 


6J3 


0.56 


i.lO 


IT.y 



Statioi Ci 
iBiber |u|/gl 



Or 
(if/gl 



(Uifg) 



(ig/i) 



is 

[li/iJ 



la 
(il/ll 



ii 

(ni/ll 



ftti/kl) 



im 


80.0 


mi 


le.o 


tin 


34.0 


im 


28.0 


2238 


?.? 


2014 


220.0 


2223 


32.0 


222? 


1.3 


2207 


3. .3 


2201 


-- 



TOJ 


0.33 


lajti.o 


12.12 


230 





lajoi 


16J 


0.02 


11,-301.0 


2.43 


33 


u 


2J0i 


37. S 


O.ii 


l?,iOI.O 


4.03 


Si 


3 


ejoi 


20.(1 


0.12 


13,000.0 


3.22 


74 





8.100^ 


9.2 


0.,0i2 


5,?00.0 


5.10 


12 





2Am 


130.0 


o.go 


20,000.0 


5.09 


700 





IMI 


62.0 


0.11 


9,500.0 


2,14 


IS 





5J.O0 


lOJ 


< O.il 


e,Too.o 


1.43 


15 





2,201, 


5.5 


< O.il 


5, '900.0 


1.22 


10 





1,300, 



485 

< n 
n 
m 

i 20 

iiO 

115 

i 20 

< 20 



T^MM 3.1.7. DISTRIBUTION, DENSITY MD BIOMMS ISTIMITIS OP MMOR MlOTOiaiTHIC TMA - 
TQIQNTO OUTER HMBOIM MID IIS^W KMIAND. 

Ml values are expressed as I's per square meter. 



Station #1389 



StatioD #1391 



Station #2282 



Average # Biomas-s Average # Bloiaia Average # Bioraass 
Or^nisie (gps) OrganisnB CgiB) Organisms (gms) 



ARTIffiOPODA 
Class Insects 
0. Diptera 

F. Qilronomidae 


281 


1.3955 


3,314 


1-3454 


1,32:9 


5.9767 


Class Cmstacea 
Subclase Malacostraca 
0. Amphipoda 
0. Isopoda 


i 
1 


0.0133 


1,900 
20 


1.5963 
0.0625 


9 
3 


0.0113 
0.0036 


MOLLUSCA 
Class Gastropoda 


1 


0.0646 


414 


6.7739 


3 


0.0855 


Class Pelecypoda 


81 


0.2521 


276 


0.7177 


240 


0.3989 


PLATYHKr.MINTHES 
Class Turbellaria 






138 


0.1909 







ANNELIDA 
Class Ollgochaeta 



3,189 4.8676 11,051 3.2669 



7,619 1.0584 



TOTM, # QROlNISMe 

TOTAL BIOMASi 

COiHC^ IIOMASS 
(+10%) 



3,562 16,990 

6.5931 13.9535 

7.2524 15.3488 



9,203 



7.5247 
8.2772 



"It ^-1 



TIMM 3.1.7. CContliiuedJ 



Ml valoes are expressed as f's pei: square meter. 



Station #2108 



Station #2238 



Station #2034 



Aviirafe # lioBass Average # Blomass Average # Bionass 
QcganisnB (gps) teganisas (^ns| Organ isiB igsm) 



IRTtKOPODA 

Class Insecta 
0. Diptera 

F. Chironoiiidae 

Class Crustacea 
Subclass Malacostraca 
0. Amphipoda 
0, Isopcda 

MOLLUSCA 
Class Gastropoda 

Class Pelecypoda 

PLATYHaMINTHES 
Class Turbellaria 



146 



0.2725 



28 


0.0144 


13 


0.0139 


f 


0.0205 


53 


.0.3039 



18 0.017 



AMNELIDA 
Class Oligochaeta 



4,566 2.8251 



1,771 0,4854 



9,819 3.7104 



TOTIL # OTOMIISW 

TOTM. BimAse 

OOREECTED BIQMASS 
(+10%) 



4,813 



3.4503 
3.7953 



1,789 



0.5024 
0.5526 



9,819 



3 . 7104 
4.0B14 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



TABLE 3,1.7. (Continued) 



Jill values are expressed as #'s per square meter. 



Station #2223 



Station #2227 Station #2207 



Station #2200 



Average # Bionass 
Organ i sms ( gps I 



AverBge # BiomaBs 
Organisns ( gns ) 



Average t Bi amass Average # Bioiiass 
Organisi^ Cgns) Organisms (gms) 



114 


0. 


.0257 


148 


0, 


.2354 


1 






6 


0, 


.0012 


481 


0, 


.5669 



232 


0.0601 


43 


0.0122 


1 




9 


0.0018 


280 


0.0621 



8 0.0012 



33 0.0254 



1 . 0001 



10 0.0117 



885 0,6710 



383 0.0493 



186 0.0856 



8 0.0003 



1,635 



948 



237 



11, 



1.5002 
1.6502 



0.1855 
0.2041 



0.1239 
0.1363 



0.0004 
0.0004 



:,.. TmiF, 3.1.8 



DMSITY AND DISTIIBUTION OF MimOiaiTOIC TMl - 
TORONTO Oin^ HMBOIB AND EASTERN HEADLAND. 



STATION lUHIEl Ci/i=) 



SPECIES 


1319 


1391 


2282 


2108 


2238 


2034 


2223 


2227 


2207 


2200 


SiPTIERA 






















Chironoiiaai: 






















Cry'ptochironoiis sp. 


a 




134 


4 






42 


1S9 


i 


4 


ClhironOiius pluiosus ireup 


241 


2,32f 


1,245 


m 


23 




23 


57 


' n 




GicfotBndipes sp. 








II 














Endochironciius dispar fro^up 




414 


















Tanytarsiis sp. 




12. 


















'Ronadiaiesa depicti nata 














77 


27 






Potthasiia iQ:ngiiana 














4 


4 






Frccladiui sp. 








iffl 






13 


4 






ftHPHIPOSA 






















Haastoridae: 
















- 






Pontoporeia hoyi 


4 






11 






130 


12 


:i 




tajiiridii; 






















Saiiaifus fasciatys 


4 


i,3i8 


B 










£i 






ISO.PQDA 






















Affiiliiie: AsbIIub sp. 


4. 






IS 






:| 


'' 






PELECYPeSA 






















Spiiiefiidaii 


















" 




Sphiiriui aitidut 
















S 






Piiidiui casertanui 


n 


32 




23 








£37 


» 




P. coiprBSsyi 
P. f alias 






8 




















■ 287 








421 








P, htnisloiyinui 














ro3 








P. lilljifaorgi 


















1 




P, variabili" 




31 


















aASTRQPQIA 






















Valvatidae: 






















Valvata siacira 














i 








Ph|Sid;itS 

Piiysfilla gynna iayi 




































•1 






Lymaiidae: 






















P5iuflloiuccio.fa coiLiiBlla 




t- 










t 








Planorbidaii 






















HBiisoiia anceps 








• 














Hyflfobiidaii 






















" tan i cola li.Msa 




m 


















QLIGflCHAEIA, 






















Luibricuiidie; 






















Styloanius hirmgianus 














m 


12 


m 




Tabifkidae: 






















Tubifix tubiftx 


521 


322 


582 


■'11 


77 


410, 




12 






Spirosperia firo^K 


107' 




















Suistadirilus iultisetosus 


843 






131 




4«' 










Pcttaiothrix vt jdovskyi 


42S 


322 




138 














P. aoidayiBniis 
















61 






L. hoffifisten 




322 


306 


444 


383 


2,451 




161 






L. claparidtian;us 
L. udi'kiiianus 




9B0' 


1,B0B 






316 


























m 




Iffliatures yith 






















capiiiifo'fi sttii 


1,37! 




2,0'B3 


2,482 


153 


410' 


27 






4 


Iffliatures yithout 






















capiliifori iitat 


m 


i6,af4 


3,003 


231 


839 


4,454 


40'2 


i?3 


142 


4 



Total Nuibtr of Or gin i sis 
Specif s Oivirsity CH') 

ipiciis iichniss (S.R,,) 
Evinfless fj''} 



4,329 13,315 9,4E4 

2. 50 2.29 2.51 

1.51 1.35 1.I5 
0a2 0.S4 0.75 



3,370 
2-03 
1.87 
0.53 



1,475 3,551 

1.62 1.94 

0.B7 0.64 

0.70 0.75 



i,50^5 
2.30 
2.35 
0.71 



1,-GO 
2.49 
2.37 
0.S4 



234 
1.99 
1.70' 
0.S& 



2.00 
2. IS 
1..00 



I 



TABLE 3.1.9. WATER QPALITY DATA - HUMBER BAY. (TAKEN 1 M OFF BOTTOM). 



Oheiical Oifieo Mssohei Orianic fotal Ijeldabl Suepeided Sodiui Ck 

Statioi il iardieii Beiaii fcij Uthm fDOC) Uinm (TO) Twbiditjf Pirtleiiiate (Ha) 
liikr fig/1) (■i/i) (■g/il fig/ll |ig/l| lig/U ( 



oride 



2113 


8.2S 


130.0 


hi 


2132 


8.2? 


!'«■ 


H.7 


2333 


8,28 


121.5 


hh 


2335 


i.2i 


128.0 


1.1 


2339 


IJl 


138. § 


6.7 


2352 


e.35 


121.5 


7.9 


2.355 


8.23 


125.5 


6.5 


2383 


8.23 


126.5 


7J 


211 


7.8? 


131.5 


11.3 



9.26 
0.73 
0.25 
fi.2S 
0.33 
0.25 
G.28 
OJO 
9,71 



1.83 
1.2? 

i.oe 

1,06 

i.ii 

1.42 

2.80 

l.M 

3!.M 



,2. II 
15.11 

1.02 
11.0 

4.02 
6. IS 
9. IS 
1.25 
38,90 



12.66 
14.62 
12.20 

12.81 
13.01 
12.10 
12Ji 

12. ii 

13. M 



;.-|J |1 



T^ a,l.lCL SroilffiNT DATA - m^M. MY, 



StatioE 
iiiber 


Sraii Size (11 
Ora?el/eaDi/Silt/Cli| 


Total Oriiiic 

Garboi {TOCl 

lii/f) 


liiOfiS 01 

Igiitioa (tO'I) 


Mil 
fleajhofis (TF) 


Total Ijel 

litrofeB 1 

(il/iJ 


Ml 
Till 


Solfeit ^ 

Ixtractallis'l 

(iif/i) 1 


2113 


1751/39/3 




21.0 


2.69 


L15 


l.,li 




3J53.i 1 


23.32 


i/15/ie/14 




58.0 


12.00 


3.55 


IM 




lOJTI.O 


nu 


1/16/2/1 




< 5.0 


Lii 


0.35 


O.iQ! 




i31„G 1 


im 


§/5/6i/25 




59.0 


12.09 


9.23 


S.fO 




ll-,i5i.J 


im 


Sj 




< 5.1 


0.45 


0.43 


LU 




zas.o 1 


2352 


i/l8/4S;/9 




fj 


IM 


0'.63 


0..40 




12.1. i 


i «J 3 y 


f}/2i/6g/ll 




14.0 


2JI1 


i.se 


0.50 




I, §41.0 1 


lasa 


01/15/17/11 




!?.0. 


3.40 


0.^2 


yJO 




i,T58J ' 


mi 


ii/T2/2ii/8 




IJ 


IM 


i].55 


O.iO 




I5T.0 1 


statioi 
iiiber 


Iil7i) 


(m/i) 


(i|/l) 


fif/ll 


Is ll 

|tt|/l) (ii/l 


11 
) Mil 


PCi's 1 

(ag/l|)| 



2113 
2332 
2333 
2335 
I33S 
2352 
2355 
2363 



sej 

210 J 
8J 

340. 9 
li.O 
28.0 
42.0 
50^0 
24. 0' 



5IJ- 

IQOJi 

5.5 

ilOJi 

20. D 

31.0 

55.0 

64.0 

30, 



i.ll 
01.14 
< 01. Ol 
0.81 
9.0'2 
0.15 
9.22 
0.18 
0.13 



18,00'0.0 

28,fli0'0.0 

3,1010 

33JiO 



15,010 
1?, 000,0 

lejoi.o 

11,011,0: 



4.26 
4.29 
0.94 
1J.15 
1.36 
3.59 
4.S4 
4.78 
3.65 



210' 





e.500. 


970 


fl 


11,090 


21 





i,eo9. 


,310 





1?,090. 


44 


0. 


3,100. 


05 





11,000. 


110 





11,000. 


130 


i 


13.009 


?1 


i 


0,300. 



§5 
1§§ 

< 20 
30.5 

< 20 
40 

131. 
M 
25 



I 
I 



TtOM 3.1.11. DISTRIIUTIOII, DMSITY MD B1€MMS ESTimTES OF mJOR mraOlSmilC TMA - 
HUfflER MY. 

All 'values are expressed as |''s per s^qoare i«ter. 



Station 12113 



Station 12332 



Station #2333 



Average i Bloimass Average # Bio^iass Average # Biomaas 
Organisiis (gros) QrganisiiB (gis) Organisms (gms) 



MTHROPODA 
Class Insecta 
0. Coleoptera 
, Diptera 

F, Qiironomldae 

Class Crustacea 
Subclass Malacostraca 
0. ftmphipoda 

0'. IsOi'poda 

MOLLUSCA 
Class Gastropoda 

Class Pelecypoda 

ANNELIDA 
Class Oligochaeta 



8 0.0196 

157 0.2018 

14 0.039 

27 0.1890 

268 0.7552 

14,374 7.8986 



25 0.0814 



25 0.1768 



II 



0.0301 



0.0213 



508 0.4736 4,448 0.4209 



TOTAL # I^GINISMB 
TOTM. BIOMftSS 



meeMZTED iiomass 

(+10% I 



14,848 558 4,481 

9.0681 0.7318 0.4723 

9.9749 0.8050 0.5195 



TMLE: 3.1.11., ('Continued) 



Ml '^elues are axpcessed as #''s per square :metar> 



Station #2335 



etation I233S 



Station #2352 



Average ft Bionaes Average # Biomass Average # Bi 
teganisms CpnsI Cteganisi^ (gns) OrganisiB Cgpe) 



MTHIOPODA 
Class Insecta 
0. Coleoptera 
0. Diptera 

P. Chironomidae 


25 


Class Crustacea 
Subclass Malacostraca 
0. litphlpoda 
0. Isopada 




MOTIiUSCa 
Class Gastropoda 


5 


Claes Pelecypoda 


52 


AHNBLIDl 
Class Oligochaeta 


3,937 


TOTAL # Cteganlsms 


4,019 


TOTJyL BK^lAii 




GORRECTED BIOMASS 
(+10%) 





0.0768 



0.3239 



2.3218 



m 



0.0188 



S 0.0448 

m 0.056 



a 



0.0236 



4 0.0012 3,958 1.6915 



322 0.6164 



Hi 0.1068 1,879 0.454 



437 



2.7225 

2.9948 



0.2276 

0.2504 



6,200 



2.7933 
3.0726 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



TABLE 3.1.11. (Continued) 



All values are expressed as i's per sgoare meter, 



M , 0.0013 



4,364 7.4155 



443 0.7314 



2,677 1.4142 



7,498 



9.5624 
10.5186 



JJS 0.0061 



1,203 



0.7830 
0.1133 



1,243 2.5454 



1,283 10.7478 



10,831 



14.1956 
15.6152 



Statioii 


#2355 


Station 


#2363 


Station 


#2367 


Average # 

Or^ganiems 


Bioness 
igm) 


Average I 
Organ IsiQs 


Biomass 
(gns) 


Average # 
Organiens 


Biooass 
(giE) 



48 0.0069 



258 0.1004 



574 1.6705 



2,242 0.7429 



3,132 



2.5207 
2.7727 



TMmM 3.1.12. DH^SITY MD DISTRIBUTION OF M^GROHENTHIC TMA - HUmffi MI. 



STATION mmm w^) 



SPECIB 


2113 


2332 


2333 


2335 


2339 


2352 


2355 


2363 


2367 


.DIPTEtli 




















ChirisniOiidaf; 




















Cryptochironoiius sp, 






M 




l» 






'■ 




Chironoiius pluiosus group 


203 


1 
















Tanytarius ip, 












is" 


• II 




13 


Bii iia sp. 












15 








Procladius sp. 












31 


11 


23 


27 


hn?mmk 




















Haustoriiiiii 




















Pontoporeia hoyi 






i 




4 


4,255 


5,377 


Bm 


237 


Siiiaridie: 




















Saiiirus fisciatus 


,|1 


















ISaPQiDA 












■" 








AsEiiidii: Asiiius sp. 
















4 k 




nmwim 




















■iphaer iidii: 




















Sphaifiui striatinuii 






< 




11 










Pisidim casertanui 


HI 




m 


50 


£5? 




742 


4S 


P. co^ipreiiui 
















245 


. 1 "j 

-t ; / 


mimmh 














• 






yalvatidae; Valvata sine era 


i 


II 






15 










OlISOCHAETA 




















Tubificidiir 




















lubifii tii&ifis 


2,482 


15- 


14£ 


E83 


13 




W 




337 


flui it adr i i U5 lu i t i sit osus 


]b3 


















Potaaothrix vejdyvsiyi 










19 








ij"? 


P. ■oidaviensis 


3S8 


.1 




180 


13 










Liinodr i 1 us ho f f lii iter i 


766 




1394 


175 


iii 






I'Sa 


L. clapartdiiaifius 


ISOl 






525 


















525 












Iiiatuiis with 




















capillifori sftae 


l,i90 




195 


180 




781 


574 


3,401 


2SB 


liiatures without 




















capillifon setai 


7,536 


61 


B73 


1,214 


176 


107 


551 


4,lS" 


931 


Luairicuiiaai: 




















Stylodri ius hir iifianus 










19 


i,455. 


2.45i 







Total Huiber of Organisi 
ipicies BivBisitf IW) 
Species Richness CS.R.) 
Evifinass Ci'3 



15,830 


206 


1,253 


4,749 


593 


7,429 


9,895 


9,460 


3,0'(i3 


2.28 


2,05 


i,34 


2,55 


2.67 


1.32 


1.37 


1.84 


2.75 


L20 


1,25 


1.04 


0,98 


L37 


1.06 


0.89 


0.77 


1.35 


0.56 


0.73 


0.4fl 


0.85 


0.77 


0.57 


0.62 


0.£5 


0.83 



= %% = 

3.2. QMVILLi tttSiOlE 

Introduction 

The lower reaches of Oakville Creek serve as a harbour for sma'll 
pleasura craft, to which end tvo docking areas have been constructed on 
either side of the river. 'The creek also receives input from urban and 
rural areas. The former eontributas runoff from urban areas ^ while the 
latter contributes runoff from agricultural areas. Both of these 
contribute sedlwent, organic and some cheaical cdtaminants to the creek. 

Water Quality 

The lower reaches of Oakville Creek were characterized as 
predominantly hard water (Table 3.2.1) with a high pH and a moderately high 
organic load (ODD and DOC^ Table 3.2.1). The waters were fairly turbid In 
the upper reaches of the study area, with increasing turbidity towards the 
mouth of the creek. Suspended particle load followed a similar pattern, 
increasing downstream. The greatest increase in both turbidity and 
suspended particle load was at those stations near the mouth of the creek, 
where river flow was physically constricted. This high energy environment 
"(stations 2842 and 2848, Fig. 3.2) apparently resuspends material and 
carries it into the lake. Salts were moderately high and values were 
consistent with levels recorded along the Toronto Waterfront. 

Sediment Quality 

Sedinents at the majority of stations were predominantly silt and 
sand, with a consistently high clay fraction at all stations. Levels of 
contaminants varied with the organic content, and only at those stations 
where sand predominated were levels telow M.O.E. guidelines (Table 3.2.2). 

Levels of Fe were consistently above M.O.E. guidelines, even at those 
stations where other contaminant levels were low. 

Located in a boat docking bay off the main stream, station 2846 was 
the furthest upstream area sampled. Sediments were high in silt (72%), 
though only moderately high In organic content and contaminant levels (3 of 
the 8 for which guidelines were available exceeded the prescribed levels; 
Table 3.2.2). 

Station 2841, located in Oakville Greek, was also in an area of high 
silt content (49%), while sand and gravel comprised most of the reiiainder 
(19% and 16% respectively). Organic content, though high, was lower than 
at station 2840, as were contaminant levels. 

Station 2842, located approximately 200 m downstream from station 
2841, was also similar in sediment type (Table 3.2.2), differing in a 
slightly higher sand fraction and a slightly reduced organic content. 
Levels of most contaminants were lower than at station 2841 except for 
solvent extractables (Table 3.2.2) which, though still below M.O.E. 
guidelines, were the highest of any of the stations. 



- 23 - 

Station 2843, located approxiiiately 200 m downstream of station 2842, 
was situated in predominantly sandy sediiients (54%) low in oEganic content. 
Contaminant levels were also correspondingly low with none of the 

•parameters exceeding the guidelines. 

Station 2844, located in a boat docking area off the main river 
etennel similar to station 2840, had a similarly high silt content and 
hence a similar organic content (Table 3,2.2). The contaminant levels were 

also elevated and compared closely with levels at station 2840. 

Located in the same boat docking area as station 2844, station 2845 
yielded only minor differences in sediment organic content, which les lower 
as a result of the reduced silt content of the sediments (55%, Table 
3.2.2). Located closer to the docking area entrance, it may have been 
subjected to eddy currents, resulting in less deposition of fine sediments 
than was occurring further tack in the bay (station 2844). Contaminant 
levels were also lower than at station 2844 and most were below the 
guidelines. 

Station 2846 was located at the base of the breakwater in a 
depositional environment. Sediments were mainly silts (52%) and sand (30%) 
and contained a moderate level of organic matter. Contaminant levels were 
moderate, though in a few instances (Cu and Fe) they did slightly exceed 
M.O.E. guidelines. 

Station 2847, located in deeper water in the main channel, was in an 
area of ire inly sand substrate (60%) with some silt (23%) and generally low 
in organic content. Typical of Bandy areas, sediment contaminant levels 
were low, reflecting the inability of sandy, erosional areas to retain 
significant levels of these contaminants (Mudroch a Duncan 1986). 

Located in the constricted mouth of the channel, station 2848 was 
situated in a highly erosional area as evidenced by both the sandy 
sediments and the increased turbidity and suspended particle load of the 
water (Tfable 3.2.1). Contaminant levels were also low at this station, for 

the :same reaso^re as discussed earlier for station 2847. 

Benthic Invertebrates 

Located in a boat docking bay off the UBin stream, station 2846 %ras 
the furthest u^tream area sampled. Sediments were high in silt (72%) and 
the benthic community consisted almost entirely of fine particle feeders, 
especially sizeable oligoehaete and chlronomld coiiiunities (Table 3.2,4). 
Predators C Polycentropus ) and grazers ( ^mmarus £ asciatus ) comprised a 
total of only 1% of the fauna. The fine sediment fauna, which consisted 
almost exclusively of Llmnodrilus spp., and the chironoroid Chironomus 
Dlumosus. were indicative of organically enriched areas. This community 
comprised 99% of the density and biomass In this area (Table 3.2.3), 

Station 2841, located in Oakville Creek, was also in an area of high 
silt content (49%) while sand and gravel comprised most of the remainder 
(19% and 16% respectively). The benthic community was simHar to the one 
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at station 2840 and vas comprised mainly of fine sediment feeders 
(primaEily oligochaetes) which accoimted for 99% of the fauna. A small 
population of predators ( Or yot och ir onomus and Procladlue ) and epibenthic 
grasers ( Asellue and Ganimarus faEciatus l constituted the remaining !%» The 
fauna, though slightly more diverse than at the preceding station, was 
still typical of organically enriched areas ard was dominated by 
Limnodrilus spp. # CTiironomus plumosus and Procladius . all indicative of 
somewhat polluted conditions. 

Station 2842, located approxlraately 200 m further downstream, was in a 
similar, though slightly sandier, area. The benthic comiunity was also 
similar in that the oligochaetes still formed the largest faunal group, but 
was more diverse in teri^ of the other groups present. This increase was 
mainly in lotic species such as HvdroBsvche , Chimarra , and the elmids* The 
sediiient deposit feeders still formed the largest group (99%) and consisted 
mainly of the Tulbifex tub! fax - LimnQdrllus coiimunity. This, coupled with 
the small fraction of predators ( Chimarra . Procladius ) . filterers 
( HvdroDsvche 1 , and grazers ( Gammarus fasciatus ) Indicated that organic 
content and sediment composition were still the major determinants of the 
fauna , 

Station 2843, located approxiffiately 200 m downstream of station 2842, 
was situated in predominantly sandy sediments (54%). The benthic community, 
though reduced in density (Table 3.2.4) in comparison to the upstream 
areas, was similar in faunal composition. The oligochaetes T. tub if ex and 
Limnodrilus spp., and chironomids ( Chlronomus and Microtendipes ) , comprised 
the fine sediment feeders and again this group constituted 99% of the total 
faunal density. 

Station 2844, like station 2840, was located in a boat docking area 
off the main river channel. Silt content and organic content were both as 
high as at station 2840 (Table 3.2.2). The benthic community differed 
little in diversity of organisms (Table 3.2,4), though average density was 
somewhat higher at station 2844 (Table 3.2.3). The oligochaete^chironomld 
fauna noted earlier also dominated the benthos at this station. 

Located in the same boat docking area as station 2844, station 2845 
yielded only minor differences in sediment organic oontent, which was lower 
as a result of the reduced silt content of the sediments (55%). Located 
closer to the entrance to the docking area, it may have been subjected to 
current action, resulting In less deposition of fine sediments than was 
occurring further back in the bay (station 2844). These types of current 
effects (as denoted by the increased turbidity and sediment load. Table 
3.2.1) may also have enabled such species as Hvdropsvche and Stenelmis to 
establish a foothold in this area since both of these are strongly rheo- 
phi lie. Despite these minor additions (together they comprised less than 
0.5% of the fauna), the major part of the fauna was still sediment fine 
particle feeders (87%), primarily the Tub! f ex tub if ex . Limnodrilus ^ and 
Chlronomus plumosus coiiiunity. Predators ( Procladius ) were the only other 
major group, and constituted 12% of the fauna. 

Station 2846 was located at the base of the breakwater in a 
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depositiofial envirorment. Sediments were mainly eilts {52%) and sand (30%) 
and the benthlc fauna differed froni the previous stations only in the 
density and bioraass of organisms, both of which were considerably higher 
than at the other areas sampled. This station was also the shallowest area 
sampled and the increased density could be attributable to the littoral 
habitat. As Cook & Johnson (1974) pointed out, littoral areas tend to be 
much more productive than deeper areas. Fauna 1 compos it ion at this station 
however, vas virtually unchanged, and consisted of the Tubifex tubifex , 
Limnodrilus spp., and Qiironomus plumosus coniiunity typical of organically 
e'nriched areas. 

Station 2847, located In deeper water In the main channel, yielded a 
density more consistent with the results froii the u^tream stations. While 
substrate \mB mainly sand (60%) with some silt (23%), the benthic coimiunlty 
corffiisted almost entirely of oligochaetes or their predators 
( CrvDtQchirQnomus ) . thoufh the oligochaete comiiunlty (Table 3.2.4) was more 
diverse than at the uEstreaii stations, and reflected the decreased organic 
content and sandier substrate. The T. tubifex - LlmnQdrilus coimunlty had 
apparently been eupplanted by a fauna more t^ical of less organically 
enriched areas (Brinkhurst 1970). 

Located in the constricted mouth of the channel, station 2848 was 
situated in a highly erosional area as evidenced by the sandy sediments and 
increased turbidity and suspended particle load of the water (Table 3.2.1). 
The extremely reduced benthic fauna (T&ble 3.2.4) reflected the erosional 
conditions, and was not an indication of contaainants in the sediments, 
which were present at low levels. 

In sunmary, the faunal derBlty and species coroposition of the tenthic 
community in Oakville Cteek seeiied to be determined by the physical, rather 
than chemical, features of the creek. Sediment organic content and, 
closely associated with this, sediment type appeared to be the main 
factors, though depth and no doubt oxygen content also played significant 
roles. Sedliient contaminant levels were all moderately low and appeared to 
have little effect upon the fauna. 

gijmimarv 

1) Nearly all of the stations were located in depositional environments. 
Sediments appeared to be mainly fine organic particles, which in turn 
determined the type of benthic comiiunity. 

2) Exceptions were stations 2847 and 2848, both of which were in 
erosional areas at the uouth of the creek. Sediments were mainly sand 
and, as a result, density and diversity of benthic organisn^ was low, 

3) Sedliient contaminant levels were low at all areas sampled and appeared 
to have no effect upon the benthic fauna either in terms of density or 
diversity. 

4) Organic content of the sediments appeared to be the single most 
important factor determining benthic faunal composition and density. 
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3.3. PORT llLLiR HaRBOUS 

Introduction 

The harbour at Port We Her serves as the northern teriiinus of the 
Welland C^nal. The canal itself carries a significant amount of ship 
traffic and is subjected to contaminants originating with this use. In 
addition, the canal has received inputs of contaminants from local 
industries located along its banks. Sediment input from the surrounding 
agricultural areas is also significant. Areas outside the harbour itiay also 
be subject to effects from industries and domestic sewage treatment 
operations in nearby St. Catherines. 

Water Quality 

Waters in and around Port Weller Harbour were characterized as hard, 
of moderately high pH, and low in organic matter (Table 3,3.3). Turbidity 
and suspended particle load were low, though the latter was rather 

var iable . 

Sediment Quality 

Only six of the projected ten stations were sampled in this area (Fig. 
3.3), The remaining four stations were in areas of hard substrate that 
precluded sampling by Ponar. Sediments at only a few stations (2440 and 
2839) were silts or silty sands (Table 3,3.4), and these areas were the 
only ones with any significant levels of organic matter. Contaminant 
levels were generally low in sandy areas (the exception was Fe) and 
increased with increasing organic content. Levels were highest at station 
2839, where 6 of the 8 parameters listed in Table 3.3,2 exceeded M.O.E. 
guidelines. 

Station 2431 was located close to shore in Lake Ontario, west of Port 
Weller. Substrate was almost entirely sand, low in organic contant (Table 
3.3.4) and low in contaminant levels. The exceptions were Fe and Zn, both 
of which were relatively high considering the high sand content. 

Station 2435, located approximately 1 kn east of station 2431 at the 
base of the headland, was in a similarly sandy area (96%) very low in 
organic matter. While sediment texture (grain size) was nearly identical 
to station 2431, Fe and Zn levels in particular, and all contaminants in 
general, were lower. 

Sediment data were lacking for station 2438, located in the mouth of 
the harbour, though this appeared to be an erosional area as well, as 

indicated by the benthic fauna. 

Station 2440 was located In Lake Ontario approximately 2 km northeast 
of the Port Weller Harbour entrance. Sediments were a sand-silt mix (47%- 
43%) with a moderate organic content. Contaminant levels for most 
parameters were moderately high and most were at or above the guidelines. 
PCBs, which at 230 ug/kg were nearly 5 times M.O.E. guidelines, were the 
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hif hest . 



Station 2444, located near shore east of the headland, was also in an 
erosional area. Substrate was mainly sand (91%) and very low In oEganic 
matter. Ibccept for Pe, all parameters listed in Table 3.3.2 were below the 
M.O.E. guidelines. 

Located inside the harbour itself, station 2839 was situated in a 
depositional zone. Fine sediments (silts - 57% and clays - 28%) foriifid 
most of the sutetrate and as a result, organic content was m^erately high. 
Levels of contaitinants were also higher than at any of the other stations, 
and of the 8 parameters listed in the tables, 6 exceeded the guidelines, 
with soiie CPCTs) up to 5 times higher, 

Benthic Invertebrates 

Most of the stations in and aroond the harbour were in sandy areas and 
this factor considerably inlluenced the composition of the benthic fauna at 
these locations. The first of these, station 2431 was located close to 
shore in Lake Ontario, west of Port We Her. The benthic fauna was very 
reduced in both density and bioinasa (Table 3.3.31 and consisted solely of a 
siiall population of chirooomlds and anphlpods. The small population size 
was likely a direct effect of the very low organic content of the sediments 
which, additionally, vere unable to support an oligochaete coimunity. 

Station 2435, located approximately 1 km east of statioii 2431 at the 
base of the headland, was in a similarly sandy area (96%) very low in 
organic matter. Water quality data Indicated a reduced current in this 
area (reduced suspended particle load; Table 3.3.1) and this was likely the 
main factor in the larger benthic fauna, which was almost entirely 
comprised of fine sediment feeders ( Pisidium , Chironomus , and 
oligochaetes) , PredatQrs C Grvotochir onomus ) were the only other significant 
group . 

Though sediment data were lacking for station 2438, located at the 
mouth of the harbour, this appeared to be an erosional area as well. The 
reduced fauna indicated that a low amount of organic matter was available 
in this area to sustain benthic population growth. Most of the fauna were 
fine sediment feeding species, such as the oligochaetes and sphaeriid 
clams, with the remainder of the fauna (2.4%) grazers on coarse organic 
detritus (Gammarus fasclatus). 

Station 2440 was located in Lake Ontario approximately 2 km northeast 
of the Port Weller Harbour entrance. Sediments were a sand-silt mix (47%- 
43%) with a moderate organic content. A large and diverse benthic fauna 
occurred in this area, and though oligochaetes comprised the largest 
fraction, the most common species was Quistadrilus multisetosus (T&bles 
3.3.3 & 3.3.4), a species common in sandy areas. Sediment fine particle 
feeders comprised 72% of the fauna with the remainder made up of the 
grazers Pontoporeia hoyi , Melius , and tonicola limosa (17%), and the 
predators Procladius and Cc vptQch i r onomus (11%). Noteworthy was the 
presence of the amphipod P. hoYi , a common component of deeper. 
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oligotrophlc areas of the Great Lakes, In all, this area yielded one of 
the largest, most diverse faonas of ariy of the stations sampled. 

Station 2444, located in a near-shore area east of the headland, vas 
again in an erosional area. Substrate was mainly sand (91%) and very low 
in organic matter. The benthie fauna was severely reduced and favoured 
those organisms preferring sandy areas, such as the naidid worme. Few 
sediment feeders were present, a reflection of the low organic content and 
unsuitable sediiient and current conditions* Both this station and station 
2431 appeared to te in the wave zone, an area Barton (1986) noted tended to 
te reduced in fauna due to the rather severe physical CDnditions of this 
environment. 

Located inside the harbour itself, station 2839 was situated in a 
depositloral zone. Fine sediments (silts - 67% and clays - 28%) formed 
most of the substrate and, as a result, organic content was moderately 
high. The benthie fauna reflected the fine organic sediment, being 
comprised primarily of fine eediraent feeders (99%) of which oligochaetes 
formed the major fraction (90%). The species present were also typical of 
eutrophic areas, and consisted mainly of the Tubifex tub! f ex - Limnodrilus 
hoffmeisteri coramunity often associated with organically enriched areas. 
Contaminant levels, though higher than at any other station, appeared to 
have little effect on the fauna. 

In summary, the benthie fauna appeared to be primarily determined by 
substrate composition and organic content. The near -shore areas (stations 
2431, 2435, and 2444) as well as the harbour entrance (station 2438) 
appeared to be highly erosional and consisted mainly of sandy substrate low 
in organic matter and contaminant levels. Benthie fauna 1 density and 
diversity were correspondingly low. 

The harbour itself appeared to be a deposit lonal area of high fine 
sediment content and hence a high organic content. A typical soft sediment 
benthie conmmiity comprised of oligochaetes and chlronomids was common 
here . 

The offshore area (station 2440) was typical of sandy-silty suhstrates 
of Lake Ontario (see preceding sections). 

Toxic effects appeared to be lacking entirely. Contaminant levels 
were at most 2.5 times higher (except PCBs) than the M.O.E. guidelines at 
the most seriously contaminated area (station 2839) and had no apparent 

effect on the already organically stressed fauna. 

SLumiBry 

II Sediments were mainly sand and gravel and appeared to be in the wave- 
washed zone close to the shoreline. The benthie fauna, as a result, 
was severely reduced and consisted of only a few species. Community 
structure appeared to follow no patterns and consisted only of those 
Individuals that were able to establish populations at these 
locations. 



- 29 - 



2) Areas insida the harbour C station 2B3i) were depositional in nature, 
and sediments consisted of fine organic partiGles. The benthic fauna 
was also typical of fine sediment areas and consisted primarily of 
oligochaetes and chironomids. 

3) Offshore areas (outside of the wave-zone) had a typical mesotrophic 
fauna which reflected the sandy substrate and low organic content. 



4) Contaminant levels were low at most areas and appeared to have no 
effect on the benthos. 
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3.4. mi OP QUINTE 

Introduction 

'The Bay of Quinte has, over many decades, received a variety of 
organic and chemieal inputs (Minns et al 1986), Organie enrichnient has 
been effected though non-point source inputs, lainly as a result of 
deforestation and agricultural practicee. Doiiestic sewage plants have also 
contributed to this probleii in both the Trenton and ^lleville areas. 
Contaninants have arisen as a result of all of these, as well as local 
manufacturing and, historically at least, through mining as well. 

Water Quality 

Sampling stations in the Bay of Quinte were localized around Trenton 
(five stations) and Belleville (five stations I and were situated along the 

waterfront areas of both of these cities (Fig. 3.4). 

The first five stations were located at the western end of the Bay of 
Quinte at Trenton. Water quality along the Trenton waterfront was 
characterized by moderately hard water and high pH values (Table 3.4.3). 
Organic matter was relatively high at most stations. Turbidity and the 
suspended particle load were low as were levels of salts (Na and CI). 

The reroaining five stations were all located at Belleville (Fig. 3.4). 

Water quality parameters (T&ble 3,4.3) bore no major difference to those 
described for the Trenton waterfront area. 

Sediiient Quality 

Sediments at Trenton were nainly sand (mostly coarse sand) with 

variable aiioonts of silt. Organic content was variable and depended upon 

the silt content of the sediments (Table 3,4.4), though organic levels were 

very high at station 0156 when considered in light of the high sand 
content . 

Station 0125, located in the Trent liver, was situated in an area of 
sand substrate (94%) low in organic content. Levels of most contaminants 
were low, with the exception of Cr and Zn, which exceeded M.O.E. guidelines 
by 8 and 4.4 times respectively (Table 3.4.4). Though just under the 
limit, solvent extractables were also high, and all three were very high 
when the low sediment organic content is taken into account. 

Station 0346, located in the Bay of Quinte at the mouth of the Trent 
River, was also in an area of mainly sandy substrate. Silt, however, 
formed a larger fraction of the sediment than at the preceding area and 
this was reflected in the higher organic content of the sediment. Despite 
the higher organic content, levels of contaminants were low, and none of 
the parameters listed in Table 3.4.2., with the exception of PCBs, exceeded 
the guidelines. 

Station 0140 was located near the eastern end of Trenton opposite a 
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sewage treatraent plant. TOiough sedliEent data were lacking for this 
stationj, the composition of the tenthic conmunity suggests tlmt this was 
also an area of sandy substratesi^ low in organic matter . 

Organic matter was very high at station 0156, despite the mainly sandy 
(61%) sediment. Contaminant levels were only moderately high with most 
paranetere at or slightly above M,O.E. guidelines (Table 3.4.4). The 
exceptions were solvent extractables and PCTs, both of which were 
approximately 2 timee higher than M.O.E, guidelines. Pesticide levels were 
high, especially levels of dieldrin (70 nq/q), DMDT methosQ^lor (420 nq/q) , 
endrin (280 ng/g) and endosulfan sulphate (140 ng/g) . 

Station 0161, located along the north shore east of Ttenton, was also 
situated offshore from a sewage treatment plant. Sediments in this area 
were mainly sand and gravel (85%), low in both silts and organic content. 
Contaminant levels were all correspondingly low and none exceeded the 
guidelines. 

The renaining five stations were all located at Belleville (Fig. 3.4). 
Sediment analysis (Table 3.4.2) revealed that substrates were primarily 
silts in this area (except for station 0199), very high in organic content. 
Levels of contaminantB were also high, though most were less than 2 times 
above the allowable limits. Some, such as PCTs, solvent extractables and 
Zn, were disproportionately higher than the other parameters and at some 
stations the former two exceeded limits by 4-6 times. 

Station 0181 was located just east of the mouth of Belleville Harbour 
In an area of sllty sediments, very high in organic matter. Solvent 
extractables, PCBs, and Zn were all high (Table 3.4.2), though guidelines 
were exceeded for all of the parameters for which these have been set. 

Sediment data were lacking for station 0182, but the benthic coirounity 
composition suggested that sand and gravel formed much of the substrate 
here , 

Station 0192 was located further out into the bay, opposite station 
0182. Sediments were mainly silts (60%), with some clay (14%) and sand 

(24%) and were high in organic content. While contaminant levels generally 
were elevated, levels of PCBs and hYdrocarbons were disproportionately 
higher (Table 3,4,4). As at station 0181, levels exceeded guidelines for 
all the parameters. Of the pesticides, DMDT methoxyclor levels were high 

(515 ng/g) 

Station 0195, located 2 km east of station 0192, was situated in a 
similarly organic area, high in silt (64%) and organic content (TCDC and 
LOI). Contaminant levels were again high and Cu, Is, Zn, PCTs and solvent 
extractables were the highest of any station in the toy of Quinte (Table 
3.4.41, 

Station 0199, located in sandy sediments In a bay at the east end of 
BelleviHe, had a lower organic content and contaminant levels than any of 
the preceding stations. All of the [arameters were well below M.O.E. 
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■guide lilies, 

Benthic Invertebrates 

'The first five statioos in Table 3,4,3 were all lo^cated around Tr'enton 
and were generally in areas of sandy substrates. This vas reflected in the 
coiiposition of the benthic community which, at each station, was low in 
density of the fine sedinent infauna (Table 3.4.4). 

Station, 0125, located in the Trent Elver, was situated in an area of 
Band substrate (94%) low in organic content. This area yielded a very 
diverse :benthic fauna of lotic (Ttichoptera and Coleoptera, Table 3. 4. 4 1 
and lentie species. Overall density and bioinass were low, reflecting the 
low organic content of the sediments. The lotic fauna was represented by 
QieunBto^^vche , Polycentropus , and Btenelmis , all of which are more or less 
rheophilic, Oligochaetas were noticeably sparse and were represented by 
Quistadrilus multisetosus. a species coiroon in sandy substrates. In all, 
fine sediment feeders (oligochaetes) comprised 0.04% of the fauna. The 
largest single fraction was the grazer population, which comprised over 98% 
of the fauna and consisted of grazers on both coarse detritus as well as 
raacrophytes (termed gathers by Merritt & Qanmins (19781). The remainder of 
the population consisted of filterers (0.03%) and predators (0.8%). 
Evidently much of the organic matter in this area was coarse detritus. 

Station 0346, located in the Bay of Quinte at the mouth of the Trent 
River, was also in an area of mainly sand sutetrate. Silt, however, formed 
a larger fraction of the sediment than at the preceding area and this was 
reflected in the higher organic content of the sediment. Benthic density 
and biomass (Table 3.4.3) were similar to station 0125, though a shift to a 
larger oligochaete fauna was evident. The fine sediment feeders 
(oligochaetes, Pisidimi and Chironomus plumosus 1 comprised 36% of the 
fauna, up considerably froii the negligible percentage they formed at 
station 0125. Coarse detrital grazers (these graze on the organic matter 
itself or on the microfauna associated with it) comprised the iiejority of 
the benthic fauna (56%) and included all of the chironomids (except 
ChironQmus and Procladius . the sole predator) as well as the crustaceans 
temmarus fasciatus and Melius, and the snail Amnicola limosa . Noteworthy 
was the presence of the chironomids Orthocladius and PotthaBtla . both of 
which are typical of more mesotrophic areas (Saether 1975, Soponis 1977). 
The low faunal density, and in particular the low oligochaete density, 
further indicated a relatively low level of organic enrichment. 

Stat Ion 0140 was located near the eastern end of Trenton opposite a 
sewage treatment plant. Though sediment data were lacking for this 
station, the benthic fauna bore evidence of organic enrichment and density 
was the highest of any station at Trenton or Belleville. Sediiient deposit 
feeders {oligochaetes) comprised 28% of this fauna, which, though lower 
than at station 0346, was much higher in terms of total density (Table 
3.4.4). Grazers comprised 66% of the fauna and much of this was due to the 
very high density of ^mmarus fasciatus . an epibenthlc grazer feeding 
primarily on microorganisms associated with both detritus and living 
raacrophytes. Similarly prolific were the chironcMiids Gl vptotend 1 pes and 
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Paratanvtar sus , also grazers on detritus and algae. All of these coold 
have been diEectly influenced by an inereage in organic material Cboth 

coarse and fine particles) and in particular an increased density of 
sed iment m i cr oor gan i sms . 

Station 0156 was located off the eastern end of Trenton approxiiiately 
1.5 km east of Station 0140. Sediments were a sand-silt mix (61% i 32%) 
moderately high in organic content. The benthic conmunity was notiGeably 
sparse and consisted primarily of fine sediment feeders (38%) and a large 
predator population (48%). Gtazers, such as G. fasciatus and Melius 
comprised the remainder (14%). The high pesticide levels at this station 
may have had some effect on the total density, which, given the high 
organic content, seemed low in comparison to the other stations. In light 
of the high sand content, the levels of pesticides here seemed very high. 

Station 0161, located along the north shore east of Trenton was also 
situated offshore from a sewage treatment plant. Sediments in this area 
were mainly sand and gravel (85%) low in both silts and organic content. 
As at station 0156, sediment fine particle feeders comprised 42% of the 
fauna while predators and grazers comprised 42% and 16% respectively. The 
benthic fauna at both of these stations seemed most affeGted by sediment 
type, which appeared to have limited the fine particle feeding component to 
a smaller fraction. 

The remaining five stations were all located at Belleville (Fig. 3.41. 
Sediment analysis revealed that substrates were primarily silts in this 
area, very high in organic content. Levels of most contaminants were 
similarly high and most exceeded M.O.E, guidelines, 

itation 0181 was located just east of the mouth of Belleville Harbour 
in an area of silty sediments, high in organic matter. The tenthic fauna 
consisted primarily of sediment fine particle feeders (49%) such as the 
oligochaetes and ChironQmus . Pilterers (suspension feeders- 
Cheunatopsyche ) and predators comprised 0.06% and 45% respectively. The 
higher sediiient organic content had not resulted in an increase In the 
density of the oligochaetes and other fine particle feeders, as might have 
been expected under such circumstances. Among the contaminants tested for, 
a possible cause could have been the levels of hydrocarbons and WCBs 
(pesticides were below detection levels), both of which appear to readily 
affect the sediment feeding fauna, at least in standard bloassay tests 
(Mayer and Ellersieck 1986). This would of course have depended on the 
bioavailability of these compounds in the sediments. 

Station 0182 was located along the north shore approximately 1 km east 
of station 0181, The benthic fauna was very reduced in density and 
diversity, and lacking were most of the sediment fine particle feeders such 
as the oligochaetes and the sphaeriid clams. Only the epibenthic grazers 
were present and while gravel/rock substrates could have readily accounted 
for this low density of organisiB and especially of the burrowing fauna, 
the ateence of sediment data makes this impossible to confirm. 

Station 0192 was located further out into the bay, opposite station 
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0182. Sediments vere mainly silts {60%), with some clay (14%) and sand 
(24%) and were high in organic content. The benthic fauna,, despite the 
high organic content, was rather low in both density and bionBss and 
averaged only 379 organ isiis/m2 (Table 3.4,3). Fine sediment feeders 'urade 
up 52% of the fauna,, of which the majority were oligocliaetes and Chironofflus 
DlomoBUS , Predators ( Qr yptochir onomus , Coelotanvpus, and Procladlus) also 
made up an onus^ually large percentage of the fauna, (43%), while sediment 
grazers comprised the remaining 5%, 

Station 0195, located 2 km east of station 0192, was situated in a 
similarly organic area, high in silt (64%| and organic content. Despite 
the high organic content, density of organisms vas again relatively low. 

'The sediiMnt feeding fraction Coligoc:ha,etes, Pisidium a.nd Chironomus I made 
up 50% of the fauna, while predators again made up an uncharacteristlGally 
large proportion of the fauna (45%). At both this station and the 
preceding one, contaminant levels (including the pesticides DMDT 

methoxyclor (515 ng/g at station 0192), endrin and endosulfan 11 (33 ng/g 
respectively at station 0195)) were higher than at any of the other 
stations and could ha,ve been a factor in the low density of organisms. 

,Station 0199, located in sandy sediments in a :bay at the east end of 
Belleville, had a lower organic content and contaminant levels than any of 
the preceding stations. Despite the low organic content of the sediments, 
a sizeable benthic fauna existed at this station and in fact was larger 
than any of the stations in the siltier areas. The largest group (89%) was 
the sediment detrital grazers ( Endoch 1 r onomus and 'Gamroarus fasciatus ) 
usually associated with coarse organic debris. A small group of sediment 
feeders (10%) and predators (1%) comprised of the reiainder of the benthos. 

In s'uminary, the statio^ns along the 'Trenton waterfront indicated that 
organic content and sediment :particle size were the major factors 
determining the composition of the benthic fauna. One station, 0140, gave 
evidence of organic enrichment, though much of this appeared to be coarse 
organic detritus. Contaminant levels were generally fairly low and did not 
appear to have an effect on, the fauna,. One ex,ception, ma,y be^ station 0156 
where pesticide levels were high and benthic density was reduced. The 
results obtained by Beak (1987) correlating high pesticide levels with 
reduced faunal diversity imply that these 'ma,y also be^ affecting the density 
of organisms at this station. 

Stations along the Belleville waterfront were for the most part 
unusually low in density of organisms, especially when levels of organic 

■iiatter were considered. Sediment fine particle feeders, while still the 
major fraction, comprised less of the fauna than sediment organic content 
indicated should be the case. While some pesticide levels were high at 
stations 0192 and 0195, the only sediment contaminant levels that were 
unusually high at all stations were PCSs and solvent extractables and, these 
may have contributed to the generally reduced, fauna, espeicially of certain 
groups. PCBs, if present in an available form, were at high enough levels 
tha,t they could have been toxic to amphipods (G, fasciatus ) ('Ma,yer and 
Ellersieck 1986), a group conspicuously reduced at those stations with the 
highest PCB levels, namely 0181, 0192, and 0195 (though this could also 
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have been due to reduced laacrophyte levels (Crowder & Brlstow 1986)1. 
Sunmarv 

1) Sediments, and sediment organisitis, were generally characteristic of 
eutrophic conditions at both Trenton and Belleville. Only Station 
0140, at Trenton, showed evidence of organic pollution, 

2) Pesticide levels were high at station 0156 and may 'be. responsible for 
some reduction in density of organisms. 

3) Stations 0181, 0182, and 0195 at Belleville all had higher sediaient 
contaminant levels, especially of PCTs and hydrocarbons. Despite a 
high sediment organic content, these stations had unusually low 
densities of organisms, especially the fine sediment (organic) feeding 
fraction. 

4') Levels of some pesticides, were higher at stations 0192 and 0195, and 
may also be responsible for sonie of the reduction in density at these 
stations. 

5 I Substrate type and organic content were the major determining factors 
at the other stations of both Trenton and Belleville. 
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fULS 3.4.3. DlifiliUTiaNi DiHSITY AND Bl^mSS ESTIMATEi OT HMOR MMlO^fee^IC TMk 
All t^lues are ea^Easied as #'5 per square iieter. 
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4. * MlhOmA RIMER 

IntrQductiQn 

The Niagara River^ in the region o.f Niagara Falls, N.Y., has been 
identified as receiving a variety of, contaminants that are leaching into 
some of its tributary streams from waste disposal sites. tfa,ny of these are 
among the more to^xic chemicals^ such as PCBs, Mirex and a large variety of 
other organic compounds (I.J.C. 1987)- All of these have also been found 
in sediments in the river. 

Water Quality 

The Niagara River was characterized as hard water, of high pH, and low 
in organic matter. The river vas moderately turbid, with the turbidity and 

suspended |»rticle load (Table 4.1) increasing with increasing water 
velQcity. 

Sediment Quality 

Sediments varied from predominantly silts at the Lake Erie end of the 
river to rocky substrates in some of the narrowed regions (Table 4.2). Two 

stations rema,ioed unsampled due to a lack of suitable substrates. 

Station 0113 was located in Lake Erie off the Buffalo, New York (Fig. 

4.1) waterfront, close to. the entrance to the Niagara River. The substrate 
was mainly silts (75%) and both organic content and contaminant levels were 
moderately high. Of the 8 parameters in Table 4.2 for which guidelines 
were available, levels of 7 were higher, with levels of PCis exceeding the 
guideline by the ■greatest amount (6.5 times). Sigg et al. (1987) found 
that organic matter in the water column was the major precipitant of heavy 
me'tals^ since these compounds appeared to have the greatest sorptive 
capacity. Thus,, the metals' and other contaminants in the Niagara River 
were most likely to accumulate in sediments where organic matter had, also 
accmiulated (Mudroch & Duncan 1986 3, 

Station 0127 was located in the Niagara River south of Grand Island 

(Fig. 4.1). Though sediment data were lacking, the tenthic cominunity 
com,position Indicated this was an area of hard substrate. 

Station 0il45 was located in the Tonawanda Channel near the con flue nee 
of Tonawanda Creek. Sediments were primarily silt (51%) and sand (30i%) 
(Table 4.2) and organic content of the sediments was moderately high. 
Though levels of all contaminants exceeded the guidelines, levels of PCB's, 
Zn, and -solvent extractables were the- highest of any station in the river, 
exceeding the allowable limits by 4,5, 4 and 5 times respe.ctively (the 
I.J.C. has identified this section of the river as one of the areas where 
contaminants have accumulated to greatest concentrations (I.J.C. 1987)). 

Stations 0183 and 0154 were located close together in the Tonawanda 
Channel. 'Though sediment data were lacking, the benthic community 
i,ndicated these were areas of hard substrates. Both stations were located 
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on the outer curve of the channel^ normally a liighly eroslonal area of 
fluvial environments . 

Station 0158 was located just east of Niagara Palls, New York, along 
the north bank of the river (Fig, 4,1). Sediments were primarily sand and 
gravel (83% and 7%), low in silt (7% I and organic content. Contaminant 
levels, reflecting the low organie content, were low as well and only PCBs 
exceeded the guidelines (by a small amount (teble 4*2|). 

Station 0155 was located approxiroately 2 km downstream from station 
0158, also in a sandy (74%) area. Silt content in these sediments was 
higher than at station 0158 (22% here versus 7% at station 0158), and 
organic content was higher as well (Table 4.2 1 . Concurrent with the higher 
silt content, contaminant levels were also ele\^ted and most exceeded 
M,0,E, guidelines, though PCBs were the only ones that were significantly 
higher . 

Station 0177 was located at the eastern end of Niagara Falls, N.Y., 
approximately 1 km west of station 0155. Sediments were almost entirely 
sand (89%) and gravel (4%) with a small amount of organic matter (Table 
4.2). Contaminant levels were low, except for PCB's which exceeded M.O.E. 
guidelines. While PCBs were ca. 3.5 times higher than the guidelines, this 
result is considered to be significant in light of the high sand content. 

Benthic Invertebrates 

Benthic environments in the river ranged from prinerily soft silty 
sediments at the Lake Erie outflow, to sand and rock in the main river 
channel where flow was high. 

Station 0113 was located in Lake Erie off the Buffalo, New York (Fig. 
4.1) waterfront, close to the entrance to the Niagara River. The benthic 
community was typical of deposltional areas comprised of fine sediments 
(Table 4.4). Not surprisingly, oligochaetes dominated the benthic 
community and fine particle feeders as a whole comprised 94% of the total 
fauna. The remainder was comprised of predators (5.5%), while filterers 
( HydroDsyche l made up a mere 0.5%. The oligochaete fauna that was present 
mm typical of organically enriched areas and was dominated by the 
Limnodrilus species that are usually the major components in eutrophic 
areas . 

station 0127 was located in the Niagara River (Fig. 4.1) and, though 
sediment data were lacking, appeared to be in an area of hard substrate. 
Benthic burrowing species were entirely lacking and the largest fraction of 
the fauna was the filterers. The extremely reduced fauna was likely a 
result of the hard substrate and the reduced sampling efficiency of soft 
sediment sampling devices in such areas. It is possible, therefore, that 
the actual densities of organisms were higher than reported and the low 
numbers were simply a sampling artifact. 

Station 0145 was. located in the Tonawanda Qiannel near the confluence 
of Tonawanda Creek. Sediments were primarily silt (51%) and sand (30%) and 
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organic content was moderately high, as were most contaminant levels 
(especially PCB's and solvent extractables ) . Despite the organic content, 
density of the fauna, especially of the sediment feeding component, was 
low. The sediment fine particle feeders comprised 58% of the fauna and 
oligochaetes alone constituted 51% of the organisms present. Epibenthic 
grazers such as ^mroarus fasciatus and teellus comprised 36% of the fauna 
while the predators comprised the rest. Compared to station 0113, the 
density of organisms was much lower at station 0145, despite a higher 
organ ic content, PCB's and solvent ektractables were both high, as noted 
earlier, and could have been a factor in this reduced fauna since PCB's 
have been shown, at least in solution, to be toxic at levels below those 
recorded here (Meyer and lllersieGk 1986). Levels of some pesticides were 
higher than at the other stations (dieldrin (35 ng/g), DWT mfithoxyclor 
(19Q' ng/g), and heptachlor epoixide (28 ng/g| were the highest though 
chlordanes and endosulfans were also present) and these could also have 
contributed to the reduction in the benthic coramunity. 

Stations 0183 and 0154, located close together In the Tonawanda 
Channel, were very similar in faunal composition. Though sediment data 
were lacking, both stations were located on the outer curve of the channel, 
normally a highly eroslonal area of fluvial environments. The benthic 
fauna was typical of hard substrates in flowing waters and consisted 
primarily of the filterers Cheumatopsvche and Hydropsyche . These comprised 
76% of the fauna at station 0183 and 71% at station 0154. Epibenthic 
grazers on detritus (G. fasciatus ) or algae ( Goniobasis livescens ) made up 
most of the remainder. All are strongly rheophilic and would have thrived 
only in areas of strong current. The absence of sediment feeders therefore 
was concluded to be due to substrate type. 

Station 015S was located just east of Niagara Falls, New York, along 
the north bank of the river (Fig, 4.1). Sediments were primarily sand and 
gravel (83% and 7%), low in silt (7%) and organic content. Contaminant 
levels, reflecting the low organic content, were low as well (Table 4.4). 
Fine sediment feeders formed only a very small part of the fauna, the 
current and lack of fine sadiaent limiting their density to 1.5% of the 
fauna. Filterers f HvdroDsvche ) were prevalent (8%) but the greatest 
fraction was formed by the detrital and algal grazers which comprised 
90,5%, Algal grazers such as Paratanvtarsus and Aaraylea formed the 
largest single feeding group (54%) and both are generally most coimon on 
hard substrate in areas of pronounced current (Oliver & Roussel 1983; 
Wiggins 1977). Grazers on and in course detritus, represented by 
Endochironomus - were the other dominant group and comprised 23% of the 
fauna Just from this species alone (Table 4.2), To this were added other 
detrital grazers such as Mvstacides .. Q. fasciatus . and ' the snail species. 
Finally, predators ('Oecetis, Mvctiophylax ,. Enallagroa , and Procladius ) 
comprised 3% of the fauna. The fauna, overall, appeared to be a normal 
river community whose character was determined primarily by the current 
(most of the species were rheophilic to some degree). Species coraposltion 
and density was determined by the available food resources, namely algae 
and coarse detritus. 

Station 0155 was located approximately 2 km downstream from station 
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0158, also in a sandy (74%) area. Silt conteiit in these sediments was 
higher than at Station 0158 (22% here versus 7% at Otation 0158), and 
organic content was higher as well (Table 4.4). Concurrent with the higher 
silt content, contaiiinant levels were also elevated, and most exceeded 
M.O.E. guidelines, though PCTs were the only ones significantly higher. 
Benthic coiraiunity diversity was high as were the density and biomass 
(Tables 4.1 and 4.2}. Fine sediment feeders such as the ollgochaetes made 
up proportionately more of the fauna (16%), also a result of the increased 
organic content of the sediment. Algal grazers such as Aoravlea and 
Paratanvtarsus still made up the largest fraction (48%) indicating attached 
algae played a major role. As at station 0158 detrital grazers made up 
most of the rest of the fauna (33%), the roost common of which was 
Endochironomus , a feeder on coarse detritus and decaying vegetation. 
Predators comprised the remaining 3% of the fauna. Again substrate 
appeared to be the main determining factor affecting both species 
composition and density of organisros. Though some pesticide levels were 
high at this station (hexachlorocyclohexanes) these were not among the 
compounds that correlated well with decreased density of invertebrates 
(Beak 1987). 

Station 0177 was located at the eastern end of Niagara Falls, N.Y., 
approximately 1 km west of station 0155. Sediments were almost entirely 
sand (89%) and gravel (4%) with a small amount of organic matter (Table 
4.4). Contaminant levels were low except for PCB's, which exceeded M.O.E* 
guidelines. The fine sediment feeding component Cnalnly oligochaetes) was 
again low (18%) and was dominated by the oligochaete Quistadrilus 
multisetosus . a common species in sandy areas. Filterers fCheumatopsyche 
and Hydrops vche ) formed one major faunal group, comprising 26% of the 
benthic organisms, while detrital grazers (25%) such as G. fasciatus and A. 
llmosa . and algal grazers f Paratanvtarsus and Ferrissia Daralella) 
comprised the others (25%). Predators C Nvctlophvlax ) comprised 3.5% of the 
fauna . 

Both stations 0158 and 0177 were located downstream from some of the 
major contaminant sources on the Niagara River which ^arly contribute a 
variety of chemicals to Its iraters (I.J.C. 1987). Aside from elevated 
levels of PCBs (pesticides and other organics were generally very low at 
most stations), no effects of contaminants could be determined either in 
the sediments or on the community structure of the benthos. 

In sumnary, the only area that appeared to be suffering from any 
adverse effects was station 0145. The high organic content of the 
sediments did not support as high a density of sediment fine particle 
feeders ( oligochaetes) as could be expected (as occurred for example at 
station 0113, which had a similar substrate type). Most contaminant levels 
were higher at this location, but PCB's, solvent extractables, and 
pesticides were disproportionately so. 

Downstream the benthic fauna appeared diverse and density was high at 
all stations. The controlling factors In all cases seemed to be the 
substrate type and related to this, the current velocity, both of which 
have favoured the development of a large population of algal feeders and 
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coarse detrital grazers. Fine sedlraent feeders formed only a small part of 
the fauna at these stations. 

Station 0113 appeared similar to nearshore areas of Lake Ontario 
(Section 3) and was characterized by an accumulation of fine sediiients of 
high organic levels. A large oligochaete £auna|, predominantly Limnodrilus 
spp. made up most of the density and bloiiass, 

SuiiwRary 

1) teeas in the Miagara River were mainly eroelonal and vere 
character I'^ed by sand and gravel substrates. The fauna in these areas 
was typical of fluvial areas and consisted primarily of epibenthic, 
rheophilic species. tensity, diversity, area, bioraass were generally 
high. 

2) Contaminant levels were low in most areas and reflected the sandy 
substrate. M pointed out by Mudroeh and Duncan (1986) these areas 
tend to acGomulate the least amount of contaminant materials due to a 
lack of organic matter. 

3) Station 0145, In a depositlonal areai- had high levels of certain 
contaminants. lenthic density and diversity were low, despite high 
sediment organic levels. While these organic levels may have 

reflected high solvent extractable levels, these areas should have 
been able to support a larger community. 

4) Sediments in Lake Erie at Buffalo, New York I Station 0113) also had 
high organic levels and supported a large- density of benthlc 
invertebrates. 'Comprised of the fine particle feeders,, this area 
appeared somewhat polluted by organic matter. 
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TABLE 4.1. WATER QUALITY DATA - NIAGAM EI¥ER. (TAKEN 1 M OFF BOTTOM) 



Cheiical Oi?gei DiBEolted Oriaiic Total Ije 
iiikr (ig/l) fig/1) |i|/l) (ii/1 



dak! SuipeEded Sodiei Cliloridi 

fill) furbidity Pirticulate (lal (CI) 



13 8.21 126.0 

2? 8.23 122.5 

45 8.25 123.5 

13 1.24 123. i 

54 8.28 121.5 

58 8.22 135.5 

55 8Ji lae.o 

?? 8.-23 121., I 



12J 



lO.O^ 



9.5 



6.? 



20.4 



S.l 



§J 



e.5 



4J 
2.1 
2.3 

2.2 
2.2 
2.8 

3.0 
2.4 



0.410i 



0.360 



o.aoio 



,291 



i.2ie 



0i.3ii 



14.10 ie.l5 11. M 13.05 



2i.lOi 48.46 i.l4 15.55 



i4.80i 



21.16 S,.33 16. i 



12. SO 24.35 S.22 16.55 



11.30 26.01 9,21 16.65 



15.20 1.9.91 10.50 IB. 



0J9S PL li.40 23.16 11.J0 19,50 



0.336 WL li.fi 31,16 9. 



11.65 
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TABLE 4 


.2. SroiffiNT DATA 


- NIAGAM RIVER. 
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i,a 
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012? = - .- - » ^ ^ 
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TABLE 4.3. DISTRIHUTION, DENSITY AND BIO^ASS ESTIMATES OF MAJ^ MACROiaiTHIC TMA 
NIAOAEA EI^^. 

All values are expressed as I's per square meter. 



Station 10113 



Station #0127 



Station #0145 



Average # Biomass Average | Bioiiass Average # Biomass 
Organlsins f^nns} Organisms (guis) Organisifi {gms} 



ARTffiOPODA 










Class Insecta 










0. Ephemeroptera 










0. Odonata 










0. Trichoptera 


ii, 


0.0826 


13 


0.0314 


0. Diptara 










F. Chironoraidae 


195 


0.2229 


2 




P, Qipldidae 


1 








Class Arachnlda 










0, Anarina 










Class Crustacea 










Subclass Malacostraca 










0. Iraphipoda 






2 


0.0032 


0. Isopoda 










0. Decapoda * 










MOLLUSGA 










Glass Gastropoda 


m 


0.4809 


5 


0.0187 


Class Pelecypoda 


103 


0.3580 






rxm.¥mmNfh 






192 





PLATYHELMINTlffiS 
Class Turbellaria 

ANNa.IDA 
Class Hirudinea 

Class Oligochaeta 



21 



0.0093 



i 0.0054 

4,050 5.8232 



TOTAL # ORGANISI^ 

TOTAL BimASS 

OOBKiCI^ BIOMASS 
C 



4,415 
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6.9730 
7,6703 



0.0626 
0.0689 



70 



615 



823 



0.0343 



42 


0.0094 


46 




■■if 


1.6947 


1 


0.0123 
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2.2162 
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Ml \raI;oes are expressed as #*s per .square meter, 
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Station #0154 



Station #0158 
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lET»OPODJk 
Class Inseeta 
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0. Trichoptera 392 

0. Diptera 

F. Chironoiiidae 

F. Bnpididae 1 

Class Irachnlda 
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Class Qrustacea 
Subclass Itelacostraca. 
0. mphlpoda U. 

0. Iso^poda, 
0. Decapoda 
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Class Pelecypoda 
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Class Oligochaeta 
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0,0319 



1. 



11 
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0.0071 
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TMLE 4.3. (Continued) 



All values are expressed as I's per square neter. 
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TABLE 4.4. DMSITY MD DISTRIBUTION OF MACROBafraiC TMA - MIAGMA ilVffi. 

STATION mmm ct/i^) 



SPECIES 
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m 




32 


Hydro.psyche sp. 
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46 
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5 ST. OAiR mvm, 

5.1 ST. CLAIR mvm - 1985 

Introduction 

The St. Clair River ^ and to the south the Detroit River together forin 
the major navigational link between the upper and lower Great Lakes. In 
the area of Sarnia, the river has reaeived effluent from a nuaiiDer of 
doinestic and industrial sites^ formost of which are the chemical industries 
located at the souhthern end of the city. Many of these have discharged 
toxic organic chemicals into the river (I.J.C. 1987), Is recently as 1985, 
spills of cheiilcals have occur ed in the river which have ultimately found 
their way into the sediments. 

Water Quality 

Water quality data (Table 5.1) revealed the St. Clair River as a 
mMerately hard water river of high pH and low in organic matter. While 
generally clear and low in suspended particles, it was in places moderately 
turbid. Salts (Na and CI) were low throughout the system. 

Sediment Quality 

Sediments in the St. Clair River were generally sand with a 
consistently very low silt and organic content. In fact, silt content did 
not exceed 16% at any of the stations in the river (Table 5,2), 
Contaminant levels were also very low, and only in rare circumstances did 

these exceed M,O.E. guidelines. 

While sediment data were lacking for station 0067, the benthic commun- 
ity composition indicated this was an area of hard substrates. Located in 
Lake Huron near the entrance to the St. Clair River, this area would likely 

have been subject to considerable eroeional forces. 

Station 0069, located In Sarnia at the entrance to Sarnia Bay, was in 
an area of predominantly sand substrate (85%). Silt level and organic 
content were relatively low, as were levels of most contaminants. Levels 
of solvent extractables and PCB's were high, however, with the latter 
exceeding guidelines by over 4 times (Table 5.2). 

Station 0110 was located along the Sarnia waterfront In a similarly 
sandy substrate (82% sand) low in organic content. Gonsistent with such 
sandy areas, contaminant levels (including solvent extractables and PCBs) 
were low (Table 5.2). 

Station 0020 was located at the south end of Sarnia just upstream from 
the iiain industrial complex south of the city (Fig. 5.1). Sediments were 
mainly sand and gravel, similar to stations 0069 and 0110, with a low (10%) 
silt content (this sampling station, as well as all the remaining 
downstream stations, was located along the east bank of the river, outside 
the main navigational channel). Organic content and contaiiiinant levels 
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were low and only Cu slightly exceeded the levels set by M.O.E. 

Sediment data were lacking for station 0024> iQcated just south of the 
main industrial complex at the southern edge of Sarnia. Benthic sample 
residues (i.e., after field-washing) were mainly gravel with clumps of clay 
and a email amount of silt. Sample residues also contained a black tarry 
substance, presumed to be related to the perehloroethylene spill that 
occurred in this region during the summer of 1985. 

Station 0066 was located at the north end of Stag Island in a 
predominantly sand -gravel area (98%) very low in organic content (Table 
5.4} and thus low in contaminant levels as well. 

Located at the south end of Stag Island, station 0064 was situated in 
a somewhat different substrate type. Though still mainly sand, silt formed 
a larger part of the substrate with a resultant increase in the organic 
content of the sediments. Contaminant levels, though higher than at 
station 0066, were low and still well telow the guidelines for all 
parameters . 

Much further downstream, station 0111 was located in an area of mainly 
sand and gravel sutetrates. Silt content and hence the organic levels, 
were low, while clay content vrnm moderately high. Contaminant levels were 

low and none exceeded M,0.i, guidelines. 

Station 0068, located at the southern tip of Fawn Island was situated 
in a sandy area (91%) very low in organic matter and contaminant levels. 

Sediments at Station 0034, located just north of the confluence of the 

Oienel Ecarte, contained a relatively greater amount of silt and hence 
organic content was higher. The modest increase in organic content 
paralleled a similarly modest Increase in contaminant levels, though all 

were low. 

Benthic Invertebrates 

The benthic conmiunities of the river were generally defined as a 
function of the predominantly sandy substrates. Filterers, grazers and 
other epibenthic forms consistently comprised the greatest part of the 
community at each station, while the sediment infauna was reduced or absent 

at all stations. 

Located In Lake Huron (Fig. 5.1) near the outflow to the St. Clair 
River, station 0067 yielded a fauna typical of lacustrine environments. 
While sediment data were lacking, the benthic comfflunity composition 
indicated this was an area of hard substrates, overlaid by coarse organic 
matter (Table 5.2). Sediment burrowers and fine particle feeders, such as 
the oligochaetes and sphaeriid clams, were virtually absent. Grazers on 
coarse detrital matter, such as Gaiimarus fasclatus , Baetlsca lacustrls , 
Mvstacides sepulchral is , and a few other species, made up 91% of the fauna. 
Of these, the amphlpods made up 90% of the fauna though only 7% of the 
biofflass. The other major group was the algal grazers, represented by 
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Ooniobasls 1 ivescens , which coiiprised 5.5% of the fauna. A small group of 
gedlment grazers comprised the remainder. 

Station 0069, located in Sarnia at the entrance to Sarnia Bay, was in 
an area of predominantly sand substrate (85%). Silt level and organic 
content were relatively low. Benthic faunal density was also low and 
consisted mainly of sediment fine particle feeders (55%), detrital grazers 
(9.5%), and predators (17%). The density, however, compared well with 
stations downstream (0110 and 0020) in areas of similar substrates (Table 
5.4), and the higher levels of PCBs and solvent axtractables (levels of 
which, considering the high sand content were quite high) appear to have 
had little effect on the community. 

Station 0110 was located along the Sarnia waterfront in a similarly 
sandy substrate (82% sand) low in organic content. Consistent with such 
sandy areas, contaminant levels (including solvent extractables and PCBs) 
were low (Table 5.2). A more diverse benthic fauna was found in this area, 
of which oligochaetes and other fine sediment feeders formed only a 
relatively small amount (35%). Detrital grazers on coarse plant naterial 
and on living plants, such as ^miicola limosa , the amphipod and isopod 
species, as well as a number of the chironomid species, made up 56% of the 
total. Predators, such as PrQcladius and CryDtQchironomus , comprised the 
rest. Apparently organic matter, which existed mainly as coarse detritus, 
determined the nature of the benthic community. 

Station 0020 was located at the south end of Sarnia just upstream from 
the main industrial complex south of the city (Fig. 5.1). Sediments were 
mainly sand and gravel, similar to stations 0069 and 0110, with a low (10%) 
silt - content and contaMinant levels. The benthic fauna appeared to be 
primarily determined by sediient and flow characteristics. The largest 
percentage of the community was comprised of filterers ( Hvdropsyche spp. ) 
which made up 59%, while fine sediment feeders, the oligochaetes and clams, 
comprised 28%, reflecting the low sediment organic content. Detrital 
grazers and predators comprised the remainder (9.5% and 3.5% respectively). 

Sediment data were lacking for Station 0024, located just south of the 
main industrial complax at the southern edge of Sarnia. Benthic sample 
residues (i.e., after field-washing) were mainly gravel with clumps of clay 
and a small amount of silt. Sample residues also contained a black tarry 
substance, presumed to be related to the perchloroethylene spill that 
occurred in this region during the sLmmer of 1985. Benthic diversity and 
density were extremely low, likely as a result of both substrate and 
chemical factors. The fauna was represented by only three species of 
organisiis, the filterers ( Cheumatops vche ) and two species of algal grazers 
(Gbniobasis livescens and Ferrissia par a lie la ), and these were present in 
extremely low densities. No sediment or detrital grazers were present, 
though samples did contain coarse organic debris. It would appear that the 
rock/gravel surfaces were the only suitable habitats remaining in this area 
since the three species present were associated more with the overlying 
water column than with the sediments, especially the finer, or organic 
parts . 
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Station 0066 was located at the north end of Stag Island in a 
predominantly sand-gravel area (98%) very low in organic content (Table 
5.4) and thus low in contaminant levels as well. Benthic diversity and 
density was extremely low in this area as well and the benthos consisted of 
only four insect species. These were either coarse detrital grazers, such 
as Ceraclea , or filterers and predators ( Hydropsyche and Isogenoides 
respectivelyK Sample residues for this station all consisted of coarse 
sand and of large pebble gravely scoured clean of any algal growth. The 
area therefore seemed to be highly erosional and subject to much bottom 
roovement. Such an unstable environment would t^ difficult for most 
organisms to invade and become established in. 

Located at the south end of Stag Island, station 0064 was situated in 
a somewhat different substrate type. Though still mainly sand, silt formed 
a larger part of the substrate, with a resultant increase in the organic 
content of the sediments as well. Density of organisms was very high in 
this area and was dominated by grazers. Many of these, such as 
Endochironomus , Gammarus fasciatus , PolvDedilum , and Amnicola limosa are 
also strongly associated with aquatic macrophytes, which were present in 
the sample residues. In total, this group made up 84% of the fauna. By 
compariBon, sediment fine particle feeders comprised a mere 1,5% while 
predators ( NYctiophYlax and PrQcladius ) isde up an additional 2.5%. 
Filterers ( H ydropsyche ) comprised the remaining 10% (Table 5,4), Coarse 
organic matter and macrophytes appeared to be the main factors determining 
the composition and density of the benthic fauna. The occurrence of 
macrophytes was in turn determined by depth and sediment type. 

Much further downstreaim, station 0111 was located in an area of mainly 
sand and gravel substrates. Silt content and hence the organic levels were 
low, while clay content was moderately high. The higher silt content of 
the sediments appeared to be the main factor affecting the benthos, with 
52% of the fauna as fine sediment feeders (mainly ollgochaetes and 
sphaeriid clams). The only other major group was the grazers (on 
detritus), which comprised 45% of the fauna. Absent were the large 
densities of those species noted earlier as being strongly influenced by 
macrophyte density, which accounted for the relatively greater density of 
fine sediment feeders. 

Station 0068, located at the southern tip of Fawn Island was situated 
in a sandy area (91%| very low in organic matter. Most of the fauna was 
detrital grazers such as the epibenthic Q. fasciatuS p or were algal grazers 
such as Goniobasls livescens . Together these comprised 83% of the fauna 
and included all but the oligochaetes and claras (the fine sediment feeders 
- 11%), the filterers ( Hydroi^yche ) . and the predators C Oecet is ) . Overall 
density of organisms was lower than at station 0064, and reflected the 
absence of aquatic macrophytes. 

Sediraents at Station 0034, located just north of the confluence of the 
Chenel Ecarte, contained a relatively greater amount of silt and hence 
organic content was higher as well. The density and biomass of organisms 
(Table 5,3 and 5.4) were high and was mainly concentrated in the grazers 
(algal and detrital) which included the most common species, such as 
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Polvpediliam. Paratanytarsus, 'Ganmarus fasciatus, AmnicO'la limosa, and. 
Phvsella gyrina , hfany of these as noted earlier are s'pecies that are 
co^nmonly associated with acguatic .macrophytes . In alL^ grazers comprised 
85%. of the total population, with sedinient fine paxticle feeders (14%) and 
predators (1%) making up the remainder* The increased density of organisms 
see:ms. tO' have occurred mainly in those groups associated closely with 
.aacrophytes ( Polvpedilmn , G. fasciatus , and the gastropod, species) and 
appears to be as a result of their occurrence. 

The tenthic conmunity of the St. Clair River, as defined by these 
stations, differed considerably from the one described by Thornley (1985)., 
Organic content at, these stations api^ared to be the main governing feature 
of the benthos and especially the occurrence of the fine sediment feeding 
coimmunity,. Most of the latter are also those coimmonly considered as 
'■'tolerant"' organisms and these would coincide with Thornley' s "tolerant" 
group. It is likely the stations in the deeper', navigational channel would 
have larger accum,ulatio:ns of organic matter, and stations i,n t,hat region 
would, hia,ve teen more comparable with Thornley ''s survey. 

'The stations sam,pled here were all located close to the east bank of 
the river,, or near isla'nds, a,nd consisted mainly of sandy substrates. 
Organic matter was usually low, and much of this was in, the forin of coarse 
detritus. Macrophytes occurred in some areas and benthic density was m'uch 
higher at these stations (0:064 and 00'34). 

Only one area, station 00^24, ap'peared to have sufferfed from external 
effects. Station 00i65, also ve,ry low in organi,s'ms, appeared, influenced 
mainly by unsuitable habitat type. 

Summary 

1) Sedime,nt composition and organic content appeared to^ be^ the main 
de'term,ining factors of the 'benthos. High density occurred in, upstream 
areas in Sarnia where organic content was high. Do^wnstream areas 
yielded diverse ,faunas, with density and, diversity affected, most 
conspicuously by the presence of macrophytes,. 

2) Station 00i24, located just south of Sarnia, appeared affected by 

contam,inants. Though substrate (sandy/rocky) likely played a role in 
limiting the fauna, the extremely depauperate co'mmunity bore strong 

evidence of chemical contamination. 

3) Levels of all contam,inants tested for were very low throughout the 
river and had no apparent effect on the benthic co'mm,unities. 



FIG: 5.1 St.ClairR., 

Location of sampling stations, 
Nov. 1985 
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TABLE 5.1. WATER QUALITY DATA = ST. CLAIR RIVER. (1985) (TAKEN 1 M OFF BOTTOM). 



Cbeiical Ox||en Digiolfed Orgaiic Total Ejeldalii Suspeiied Sodioi Chlori 

Station pi lafdiess leiaid (Ool) Carfeon ml] iitrogeii fill furbidit? Particilate (Ha| (CI 

iiiber (li/i) (ig/1) (ig/il (ig/lj (■i/1) lii/ll (ig/l 



mil S.18 



mm i.ii 115.5 



Oilie 1.12 102. i 



ii20 e.26 eij 



0124 1.21 99.. 5 



mm 8.21 91.5 



0064 8.22 91.0 



0111 8.,fl5 102.0 



mm 8.20 



0034 8.20 lfi'0,0 



6.3 


1.5 


0.1501 


5.30 


7.72 


3.14 


5.71 


9.6 


U 


0.290 


22.00 


16.68 


6. II 


12.30 


13.1 


1.6 


0.160 


12. SO 


12.51 


3.T3 


6.55 


S.3 


Li 


0,il4 


8,20 


11.56 


I.Ti 


6.31 


12 


1.6 


0.180 


11.10 


9,12 


SJ6 


14.10 


e.9 


1.5 


0.130 


li.OI 


5.10 


3.32 


5.71 


6.5 


1.5 


o.iei 


6.91 


6.14 


IJI 


I.TI 


13.2 


IJ' 


0.820 


9 JO 


15.1? 


?J5 


11.80' 


M 


Li 


0.150 


3.10 


5.23 


5.01 


8.16 


iJ 


1.6 


o.iio 


LiO 


8.. 18 


5.96 


li.ll: 



T^LI 5.2.. SmiMEOT DATA - ST, ^CLAIR RIVIE (1986). 



Statioi Grail Slie fl) 

iuiler e:rafei/Said,/Silt/Glaf 



lotil Orgnic 

Carki (TOO 

(li/ll 



LOSB 01 

IpltiOB, (LOIl 



fotal 

PbO'Sfiioris {TF) 

ln/g) 



Total Ijeidtli 

iitrogen, jflil 

lif/ll 



Solvent 

iitractabies 
(iig/g) 



006T 



d@§3 


f!/8i/ll/2 


■' 


0119 


0/83/13/1 




002Q 


1/84/11/3 




mu 


ilim 




nu 


8/ii/i/fli 




3064 


i/Ti/lS/l 




0111 


i/68/ie/i 




9&B8 


i/827e/l 




9934 


1/11/12/3 




itatioi 

ieiber 


(tti/l) 


(Ig/l) 



1§.0§ 

ru 

1.50 

< 5J!0i 

< 5.ii 
i 5.01 

5.81 



(uifi) 



2J 
1.4 
1.1 

l.i 
1.4 

i.e 

i.f 

l.§ 



ft 

(ui/il 



i.28 
1.25 
0.201 



0.22 
0.25 
0.21 
0'.2I 



Is 
(of/l) 



Za 
(tti/i) 



G.5 
OJ 
1.1 

9.1 

fl.? 
0.5 

a.2 

LI 



M 
Mil 



L912.0 

602.0 

T5J 
T18J 
37S.e 
li'T.i 
§14.6 



fIi's 
i[ig/l|:i 



0069 


25.0 


Olio 


18.0 


0029 


30.0 


0624 


- 


Q6S£ 


?.3 


mu 


15.9 


m 


12.0 


HU 


13,0 


mu 


U.O 



11.0' 


i.os 


12.0 


0.04 


12.0 


o.ie 


15.0 


( 0.01 


12.0 


0.02 


21J 


0.20 


aj 


O.IS 


15.0 


1.10 



T.TIS.a 
6,100. 
T, 900.0 

15.081.0^ 
,0 
12,000 

S.iSO 

1,260 



2.45 
2.35 
3.54 

1.48 
3.54 
5.T1 
2.55 
2.35 



83.0 
45.9 

n.i 
«j 

25.1 
3?.0 
■liJ 



2,900.0 
3.300.0 
3,300.0 

■at:; 

i.ioi.i 

4,300.0 
5,300.1 
l.lil.O. 
3,210.0 



114 

< 2§ 
35 

< 20 
i 20 

< 20 

38 



fiMM 5.3. Dig«miiyTi^, omisiTY mm momsu mTimsm m mjm mj^cho^^hig TMk - 
§7. a^m rnvm mm 



Ml valoes are expressed as i's per square meter. 



Station #0067 Station #0069 Station #0110 



Average I Bioness Average # Biomass Average # Bi 
Organieiis (pis) ^ganlsn^ Cgi^) Ocganisi^ (gms) 



MTmOPODA 














Class Insecta 














0, Ephemeroptera 


10 


0.2813 






1 


0.0056 


0. Pie copter a 














0. Odonata 














0, Trichoptera 


11 


0.1957 


s 




M 


0.0395 


0. Coleoptera 














0. Dlptera 














F. Ghironoiiidae 


37 


0.0584 


106 


0.0196 


562 


0.4489 


F. Ceratopogonidae 














F. Tipulidae 






1 








F. Ceratopogonidae 














0. Lepidoptera 










i 


0.0159 


Class Araehnida 














0, Acarina 














Class Crustacea 














SobclasB Milaeostraca 














0. Aiiphipoda 


486 


0.2490 


i 




^«B 


0.8456 


0. Isopoda 






i 




,ii 


0.0419 


MOLLUSGA 














Class Oastropoda 


46 


2.0921 


38 


0.3313 


601 


2.3027 


Class Pelecypoda 


14 


0,6428 






79 


0.1932 


mW.KnTERATA 














WmiATODA 














PLATY1H.MINTHES 














Class TUrbellaria 














ANNELIDA 














Class Hirodlnea 


% 








i 


0.094 


Class Oligochaeta 


i 


0.0062 


862 


2.1914 


im 


0.1402 


TOTAL # ORGMIiei^ 


610 




1,028 




1,838 




TOTAL BIQMASS 




3.5255 




2.5423 




4.1275 


CQRRieiM) BlOmSS 




3.8781 




2.7965 




4.5403 



(+10%) 



S.3* (Continued I 



Ml values are eMpre'-ss^ed as I's per square meter. 





Station 


#0020 


Station 


#0024 


Station 


#0066 




Average i 


Blomass 


Average 1 


Bloinass 


Average 1 


Bloiiass 




C^'^misiBs 


Cgns) 


Organlsne 


(p^) 


Organisi^ 


(pBS) 


MTHROPODl 




=» 










Class Insacta 














0. Epheiieroptera 














0, Plecoptera 










1, 




0. Odonata 














0. Ttichoptera. 


924 


3,3277 


♦ 




35 




0. Coleoptera 














0. Dlptera 














P. Chironomidae 


■61 








14 


0.0888 


P., 'Ceratopogonidae 














F. Tlpulldae 














F. Carat opogonidaa 














0. Lepidoptera 














Class Araehnida 














0... Icari'na 








.■^ 






Class Cr'u^.'tacea 














Subclass Malaeostraea 














0, Amphlpoda 


42 


0.2175 










0. Isopoda 














MOf,r.USCA 














Class Gastroipoda 


351 


4.7458 


M 


0.4811 






Class Pelecypoda 


174 












crmMmm^-hr^ 






m 








lEMATODl 








1 




PtiATYHRT .MINTIffiB 














Class Turbellaria 














ftNNELIDJk 














Class Hirudinea 


14 


0.1938 










Class Oligochaeta 


203 


0.1644 











I 



TOTAL i OROMIISI^ 
TOTAL lia-ftSS 

asmcrm biohass 

(+10%) 



1,849 



899 



8.6492 
9.5141 



0.4811 
0.5292 



I 



■ 



51 



0.0888 
0.0977 



fl^Li 1.3, {aontlnued) 



fixx' TQxacS 9.cC S'XpccSS'Bo 8'9 ff 'W j^cE S'^|UBc6 '!iiB'6S'£ i 



Station #0064 



Station #0111 



Station #0068 



Station #0034 



AvmEBqe # Bionass .l^erage # BLomass .Average i Bioicess Iveirafe i Bi'( 
'Organisms (gitsl '^'ganisme' igss} Oc^nimim (giej OE'ganisii^ (pnj' 



56 


0.0559 


41 


368 


0.3317 


28 
4 



2,566 2.6856 



0.059 



0.0111 



143 0.0883 



17 


0.0123 


218 


1 






34 


0.0828 


61 

4 


19 


0.0444 


3,156 

11 



218 0.5113 



0.0488 



3.4286 



0.0021 
0.0007 



1,049 
153 



3.3133 



97 0.0709 



115 0.0168 



2,030 

S 



32.9693 



139 
8 



2.7786 



241 
286 



9.8054 
0.3051 



827 
3 



13 . 1308 



781 
594 



2.7846 
1.1295 



IS 


0.0123 


1 








57 


0.0724 


41 


0.1861 


18 


0.1063 










41 


0.1218 


234 


0.0804 


47 


0.0098 


214 


0.1011 


9,175 




1,095 




1,063 




7,131 






9.4853 




10.5293 




13.297 




11.0456 




10,4338 




11.5822 




14 6266 




12.1502 



TMLE 5.4. DENSITY AMD DIS'miBUTIQN OF MACEOmWTHIC TIM - ST. CUklR RI^^R (1985) 



STATio.»i mmm ct/i^i 



SPECIES 



0067 



mm 



01,10 



0020 



0024 00S6 



0064 



EFHE^hi^'CP'ERrt: 

EpheiBeridae: Heitagenia liibata 
Caeniaae: LaeriiB sp. 
Baetiscidae: E'aetisca •iicustris 

HaptaqeriiQae: Stenontia sp. 
PLECGP'EPA 
-s'i^dids?: iBGCEnoidti sii 

T? I CHOPPER A 
nynr'cpByc^iddS! 

Hyaropsyche sp. \ 
Hj'drops/cf-'e 5p, I 
Leptccei'.jde: 

i1ystac:ce-3 sepul:'valis 

Oece:i5 sp. 

Triaenc'dei =p. 
Hydfoptilidae: 

Othrotficiua sp. 
PolycentfcpoGiciae! 

Nyc:i:phvlax sp. 
JiPThPA 
I;ufO"Oiriidae: 

ChirofioraLts tnufflmi group 

Cryp^-lchlro^!ljlIiu= 5p, 

DeiDiLfyptoi-hiT-onoinus sp, 

LndoclnronoffiLS =^, 
'jlyptotendipes (b.j sp. 

^Kf 3tEndip5= Ep. 

P'-aencp^ect-a sp, 

Polypediiuji =p, 

CiadctanytacE-u^ ;p. 

Par atoR/^ars'js sj. 

F.-teotanytarsui tG. 

'■'fociaoius Ep, 

ThierFpi^anni iii/i a coraplix 

FcitthasTia ianq.;iana 

■icr.odidisesd ;p. 
Tipulidaej 

sp. indet. 
Caritcpogoniuje; 

''aipcfTiyia :c':ipie.( 
LEPIDOPTEPA 

HunroBSia sp. 
iOLEJPTEPA 

Eiisiaae: Dubiraphia sp. 
AilPHIPQDA 
'JaiTiRiaridae; 

'jammanjE rasciatas 

b. IdLaStii; 

J. psedQiJliiTinaeus 
ISGPCpA 

ArBiiidae: iiieiijs sp. 
PELECVPQDA 
Sphaeriidae: 

P. casertanuffl 
P. conventus 

"'■ L..jeijcrg: 
P. walken 
iuscul:ij.n =8':"jns 
rt. transversuffl 



4 
11 



11 



bl 



1,11B 



i,a 

172 

4 

123 
4 

4 



11 



176 
IS 



57 
8 

11 



£i 



11 



42 



54 






506 



3t 
107 



i,44B 
"268 



158 



a. 



Oail 00&8 



15 
51 



4 
180 



"JO 



0034 



11 115 

149 



11 



its 



lib 



3/ 



11 



241 



50S 



34 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



TABLE 5,4. OaiSIW MD DISTOIBUTION Of MCROlEMfHlC TMA - ST. OLMl RIWR (1985) 
(Continued) 



BTHTIOi NUMER (l/ia^) 



SPECIES 


MI7 


0069 


0110 


0020 


0024 


0016 


0064 


Oil! 


0068 


0034 


tASTiOPODA 














•' 








yilvatidaes 






















Valvati sine era 








1 








n 






V. tricarinitt 






8 






s. 






57 


Hydrotiiidaei 






















Am ic Oil a liiosa 


1 




m 


m 






s« 


Si 


57 


126 


Buliinea itfasMi 




















34 


Pliurocif iidiie: 






















Soiniiobaiis livEsctni 


S3 








27 






11 


130 




Lyinaiidag! 


















.„ 




"Lytnita stigniiia 






s 


4 














Phys id at: 






















Physilli pyriia s-iyi 




i^ 


153 








123 




11 


345 


Plancsrbidai! 






















Syralus parvus 


1 




77 








84 


23 




4i 


HelisMa sp. 


















23 




Ancylidae: 






















FirrisBia piralltla 
uiDirniMi-'A 










1 












MlKUUllltA 

MoorBOilidilla sp. 








If 














Placoiyalla sp. 


i 




















Helobdella stainilis 














II 








H, iineata 
















m 






BRANCH I QilELLIDA 






















ip. indit. 

QLiaOCHAEIA 














1 








NaididaB'i 






















Pristina sp. 




















69 


Aiphiciiaeta sp, 








i 












H 


EnchyiraEldiB: 






















sp. indet. 


1 


15 


1 










15 






Tubificidat: 










. 












Spirosperia fir ox 




23 




■» 








92 




/'' 


QuistadriluB iultlsetosys 




33 


II 


« 






1^ 


161 


a 


65 


Isochattidfs friyi 




















11 


Potaiothrix ioldaviinsis 






i 








t 








L. udekeiianui 
















li 






Iffliatuffs yittiiOul 






















capillifori iftai 




ill 


■m 


M 






11 


m 




m 


Total luiber of Orpniiis 


l,26i 


407 


1,S7! 


1,377 


42 


35 


4,9Bi 


i,5'ii 


50S 




Spiciii Divirsity tH') 


0.B5 


3.21 


3.60 


2.4BI 


1.24 


1.45 


3.11 


3.65 


2.86 


3.01 


Spicie§ Richniis CS.R.I 


2.41 


3.M 


3.95 


2.72 


01.83 


i.3il 


2.79 


3.48 


2.87 


3.70 


EfinitSi (J') 


0.22 


0,82 


0.77 


0.60 


y.7B 


0.72 


0.71 


0.S2 


0.73 


0.62 
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5.2 ST. ClAIR mi^m - FOLLOW-W STUDY 

Introduction 

The survey of Noveiiber 1985 indicated some effects were apparent on 
the benttiic fauna in the region in which the perchloroethylene spill had 
occurred. That information was compared to a follow-up survey 'made in 1986 
to deteriiirie if any long term effects resulted from this spill. Like the 
1985 study, all stations in the 1986 survey were located along the eastern 
bank of the river, outside of the shipping channel (Fig. 5.2), With the 
exception of station 0110, ^ located at the mouth of Oarnia Bay, stations 
were generally located near shore or near islands in moderately shallow 
areas (deepest was 5.5 m at station 2031 . Aquatic iiacrophytes occurred at 
nany of the stations and sediments in these areas consisted mainly of sand 
with varying accumulations of silt. 

Water Quality 

Current velocity near the bottom (Table 5.5) was moderate In nearly 
all areas and only station 0110 had no detectable current. Dissolved 
oxygen content of the overlying water was coneletently high at all 
stations. The river environment was well suited to the development and 
maintenance of a diverse benthlc coimunity. 

Sediment Quality 

Sediment organic content was relatively high at all stations, despite 

the fact that sand content was greater tha:n 50% In each area sampled. 
Contaminant levels were also low throughout the river and rarely exceeded 
M.O.E guidelines. 

Station 0110, located furthest upstream in Sarnla, was in a priiiarily 
sandy area, ii,oderately high in organic content. Contaminant levels were all 
low (Table 5,6) (data for organic contaminants was unavailable). 

Station 203 was located at the south end of Sarnla (near the city's 
main Industrial complex) also in a primarily sandy area. Organic content 
was still relatively high considering that sand comprised 78% of the 
sediment. Contaiilnant levels were moderately low and only Co and Zn 

exceeded M.O.E,. guidelines a,nd then only by small amounts. 

Sediments at station 218 were primarily sand and gravel (91% and 3% 
respectively) and organic content and contaminant levels were also 
moderately low. They were, however, higher than at station 0115, located 
furthest downstream, which had a lover sand content. 

Stations 038A, 0064, and 0068 were all in areas of similar sediment 
type and ranged from 52% to 55% sand (37% to 42% silt). Organic content 
was also similar, though somewhat higher at station 0064. Sediment 
contaminant levels were all below guidelines except for Cu and Hg at 

station 0068, which were at or slightly above the limits. 
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Sediments were mainly sand at the remaining two stations (72% at 
station 0034j 83% at station 0115) and organic content varied accordingly. 
Contaiiinant levels were generally low and decreased with distance 
downstream. The exception was Hg, which was above M.O'.E,, guidelines at 

both stations. 

Benthlc Invertebrates 

Is seen from Ifable 5.8, each area sampled yielded tenthic coiimunitles 
coroprisad of diverse grou^. representing a variety of ecological 
categories. These included epibenthic filter feeders C Hydropsvche and 
Cheuroatopvsche (Trichoptera) ); epibeiTithlc sedimejit feeders ( Qecetis and 
TriaenQdes ), a sizeable coiiMiunity associated with the macrophytes (the 
gastropods GaiMiarus spp. and the chironomid Endochironoinus ) , and the 
detritivores (the oligochaetes) . 

Located at the mouth of Sarnla 'Bay,, station 0110 yielded a high 
density of those species closely associated with attached vegetation 
(aquatic macrophytes were present - M.O.E., unpublished data) , These 
included the chironomid EndQchironoiPus . which lives among the decaying 
vegetation that settles on the bottom, the amphipod Gamiiarus fasclatus and 
the snail Mnlcola limosa . The later two species graze on the bacteria, 
microflora, and microfauna that occur on the leaves and stems of aquatic 
plants, as well as on decaying vegetation. In fact, 50% of the fauna was 
directly associated with raacrophytas. The remainder of the fauna, 
comprised of oligoehaete species, the clam Pisidium casertanum and the 
chironomid aiironomos plumosus ^ were all sediment feeders, either as 
filterers C Pisidium spp.), or ^as deposit feeders (the reraainder) . 

Sand accounted for the major fraction of the sediment (74%) and this 
high percentage may have excluded some of the sediment inhabiting taxa. 
The absence of any detectable current may also have had an effect, 
especially upon the mayfly Hexagenia limbata . which was coiiiion at other 
downstream stations. 

At the southern end of Sarnla, station 203 was located just upstream 
of the laain industrial compleK, situated In moderately deep water (5.5 m) . 
This station yielded a diverse fauna rich in filter feeders such as the 
Hydropsychidae, and the various deposit feeders, such as the pelecypod and 
gastropod species (except Aimicola limosa ) . Amnicola limosa was the only 
species commonly associated with nacrophytes. 

The moderately strong curxent (27.8 cm/s; Table 5.5) would have 
favoured the filter feeders, such as Hydrops yche and CheuiiiatoDsvche . Both 
species feed by passively filtering seston (current-borne detritus) out of 
the water and thus require a strong current in order to feed (Hynes 1970; 
Wiggins 1977). The increased current velocity would have allowed for 
little deposition of organic matter and this, coupled with a predominantly 
sandy substrate low in organic matter (Table 5.6), appeared to be the main 
cause of the low oligoehaete density. Low organic matter was also judged 
to be the factor responsible for the lower density of GanmBrus fasciatus at 
this location. 
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Station 218 was located in moderately shallow water off the north end 
of Stag Island along the eastern bank of the eastern channel (Fig. 5.5). 
Current velocity was moderate and sediments were almost entirely sand and 
gravel, overlain by fine sediments. Aquatic macrophytes also occurred at 
this station. The amphipod Garomarus fasciatus . various species of snails, 
and the oligochaetes, formed the majority of the fauna (Tables 5,7, 5.8}. 
All are sediiient deposit feeders, either on fine particulate matter or dead 
and decaying vegetation. The large population of aaphipods was associated 
with macrophytes, feeding on microorganisms and other detritus both on 
living plants as well as decaying vegetation. The only other feeding group 
present was the predators, represented by the chironomid Procladius . 
Density and biomass of organisms were both high, despite the low organic 
matter of the substrate, and indicated that the organic matter contributed 
by the macrophytes played an Important part in sustaining this community. 

Located at the southwest end of Stag Island, station 038A consisted of 
a sand-silt substrate (54%-42%) and was situated In an area of moderately 
high current. The relatively strong current was primarily responsible for 
the high density of the filter feeding caddisfly HvdroD\gche . as well as 
the sediment feeding mayfly Hexaqenia limbata . though the latter 's water 
current requirements are tied to respiration and not to feeding. The 
remainder of the fauna was comprised of sediroent feeders (collectors- 
detritivores) associated with decomposing vegetation, such as the 
chironomid EndochironQmiM . This species was the single most common 
organism, accounting for 33% of the total density and 8% of the biomass. 
Predators were represented solely by the chironomid CryDtochironomus . The 
greatest single factor determining the benthic community at this station 
appeared to be current velocity, Despite the maaerately high organic 
content of the sediments, the density and biomass of the sediment feeders 
that was observed at station 218 was lacking at this locality. 

Station 0064 was also located off the southern tip of Stag Island 
approximately 0.8 km downstream of station 038A, Though sutetrate 
conditions were nearly identical to station 038A (Table 5.6), there was a 
significant reduction in current at this location. Coupled with the slower 
flow regime was a near absence of the rheophllic caddisfly Hvdroi^vche . In 
contrast, very large populations of Endoch ir onomus . the snail Amnicola 
limosa . and the mayfly Hexaqenia limbata indicated a significant amount of 
coarse as well as fine organic matter has accumulated in this area. As a 
result, the community consisted almost entirely of sediiient deposit feeders 
(85% of the density) and the filter feeders that coraprised almost 24% of 
the fauna upstream were lacking. Though overall density at station 0064 
was increased by more than 100% over that recorded at station 038 A, biomass 
had Increased only 20%, indicating the increase in density was mainly in 
small organlsiB. 

Station 0068 was located in the entrance to a small bay off Fawn 
Island. Substrate type and composition were very similar to the preceding 
two stations, though current velocity was moderately high (Tables 5.5, 
5.6). This station yielded the most diverse fauna of any of the stations 
sampled, as denoted by the species diversity index H' (Table 5.8). Much of 
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this diversity arose from the varied chironomid fauna, the majority of 
which are sediment deposit feeders Cexcluding only the carnivorous 
ProcladiusJ . Similarly, the mayfly fauna C Hexagenia linibata), the 
caddisfly fauna, the molluscs, and the oligochaetes are all deposit feeders 
(detritlvores) either in or on the sedinents. Absent were the high 
densities of Gammarus Eaeciatus and Imnicola limosa associated with aquatic 
raacrophytes , 

Located near the entrance to the Ifcarte Ctiannel (Chanel Ecarte), 
station 0034 was in an area of a predominantly sandy substrate and 
raoderately low current velocity (11.4 cm/s). The benthic fauna consisted 
primarily of fine sediment detritivores, such as Hexagenia limbata . various 
species of chironomids, the clam Pisldluii and the oligochaetes. In fact, 
only those species either feeding on bottom sediments or preying on this 
fauna were present, indicating a lack of other suitable habitat. 

Station 0115 was located approxiiiiately 1 km south of station 0034 
along the shoreline of Walpole Island, in shallow water C1.5m; Table 5.6). 
The presence of the macrophyte Ghara sp. CM.O.E. , unpublished data) appears 
to have determined the character of much of the fauna. Burrowers in the 
sediment were few (mainly Hes^genia lliripata with very few oligochaetes), 
which was likely a result of the mainly sand substrate low in organic 
natter (Table 5.6). The most coiiiton organisms were IndQchir'onomus and, 
Gammarus fasciatus , both of which are common in areas with aquatic 
macrophytes . 

In general a number of trends became evident. Though a diverse and 
sizeable benthic conmunlty existed at all the stations sampled, density, 
species composition, and biomass did vary markedly among stations. The 
major determinant of the benthic community appeared to be current velocity. 
Stations 203, 038A, and 0068, all of which had ifioderately high current, 
yielded similar faunas despite the difference in substrate composition. 
Density and biomass at all three stations was low in comparison to some of 
the other stations. 

The other major determinant of benthic community composition was the 
occurrence of attached vascular plants, which, according to M.O.E. field 
data, were most prevalent at stations 0110, 218, 0064 and 0115. A similar 
fauna vms dominant at all four of these stations and was characterized by 
the arophlpod Gammarus fasciatus . the snail jyamicola limosa , and the 
chironomid EndQchironQmus . Density and biomass were very similar at all 
the stations. 

Organic matter content of the sediment was low at nearly all the 
stations and the oligochaete and P is id 1 urn populations were correspondingly 
low as well. 

Since no station was sampled immediately downstream of the industrial 
complex at Sarnia no direct comparison with the 1985 survey results can be 
made. However, there ap^ar to be no discernable effects on the benthic 
fauna at any of the stations sampled. All yielded diverse populations 
comprised of species commonly indicative of relatively clean waters, such 
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as HeKagenla liiiba'ta, and the ^Trlchoptera species. Physical and chemical 
analyses of the sediments and overlying vateK showed little difference 
among the stations except those already noted. Levels of metals and other 
chaiiioals (Table 5.6 and M.O.E. unpublished data) yielded low values^ none 
of which exceeded M.O.E. guidelines. 

Comparison of these results with the 1985 survey '(stations 0110, 0064,, 
0068, and 0034) yielded similar faunas and densities at stations 0064 and 
034. Stations 0110 and 0068 yielded much higher densities of organisms in 
this survey. Presuinably differences in microha'bitat are responsible,, 
eepecially at station 0110, which showed a marked increase in those taxa 
associated with aquatic macrophytes, 

Sunmary 

1} The benthic community at all stations was very diverse, not only in 

species present but in the feeding grou^ they represented, 

2} The major factors affecting invertebrate distributions seemed to be 
current velocity, substrate composition, and the presence of 
macrophytes . 

3) No adverse effects of any type could be determined from the benthic 
coinmunity at any of the stations. 

4) Chemical analysis of the sediments supports this interpretation since 
no lajoc differences were fourd among the stations sampled. 

5) Results are comparable to the 1985 survey. The differences are most 
likely due to microhabitat differences since they consisted mainly of 

an increase in density of comparatively clean-water forms. 
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6. DE?mOIT RIVER 

IntroductlQn 

The Detroit River is one of the most industrialized watervays 
Investigated in this survey. In the Detroit area, a large number of 
industries are located along the river, or its tributaries, and as a result 
a great nuiiber of contaiiiinants have been found in the river sediments to 
date (I.J.C. 1987). 

Water Quality 

Water quality in the Detroit River was similar to conditions in the 
St. Glair River and yms characterized by moderately hard water and 
relatively high pH. Organic content was low, as were turbidity and 
suspended particle load, though conditions were variable CTable 6.1). 



Sediment Quality 

Sediment conditions varied from silt to predominantly sand and gravel." 
Organic content, and hence, contaminant levels, also varied widely, the 
latter being very high at the areas with highest organic levels (Table 
6.2). 

Located on the north side of Belle Isle near Lake St. Clair, station 
0104 was In an area of predominantly sand and gravel, low in organic 
content. Contaminant levels for most paraiieters were below M.O.E. 
guidelines. 

Station 0101, located at the western end of Windsor on the Ontario 
side of the river, was situated at the mouth of a small bay, which 
apparently formed a deposltional area. Silt content (39%) and clay (16%) 
were higher than at station 0104 while sand comprised 39% of the substrate, 
resulting in an equal sand-silt mix. Organic content was considerably 
higher than at station 0104, as were contaminant levels, and all exceeded 
the guidelines, though Zn had increased by the most significant amount 
(Table 6.4). 

Station 0103, located just south of the Rouge River on the Michigan 
side of the river, was also in a sand-silt substrate (51%-33%). Organic 
matter was high and contaminant levels greatly elevated, particularly PCBs 
and solvent extraetables, which in the case of the former were nearly 60 
times M.O.E. guidelines (Table 6.4). Zn and Fe levels were also 
significantly higher exceeding guidelines by 15 and 12,5 times 
respectively. Most noticeable, though, was the rapid increase in these 
levels over those at station 0101, in what was a relatively short section 
of the river. Pesticide levels, while also low upstream, rose 
significantly in this area (Table I, pg.52) and levels continued high or 
rose even further at stations 0062 and 0085. 

Located 3 km downstream of station 0103 along the Michigan side of the 
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river,, station 0062 yielded sediments that were mainly sand (61%.) with a 
relatively low silt content (25%). Organic content was high and levels of 
all contaniina,nts were very high, with PCB's and solvent extractables 
particularly so (Table 6.4). Solvent extractables were 15 times higher 
than M.O.E., guidelines while PCBs were 75 times higher than these limits. 
Pesticide levels were considerably higher than at station 010i3, 



Table I: Levels of Selected Pesticides In the Detroit River inq/q) ,, 
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< 


DL 


< DL 


7 


m ' 


20 


< 'DL 


Dieldrin 




2 


< DL 


13 


m 


16 


< DL 


DMDT Methoxychlor 


< 


DL 


< DL 


100 


57 


^614 


< DL 


Endosulfan 1 


< 


DL 


10 


» 


5 


35 


< DL 


Endosulfan 11 


< 


DL 


< DL 


4 


12 


33 


< DL 


Endrin 


< 


DL 


< DL 


11 


15 


46 


< DL 


Endosulfan sulphate 


< 


DL 


< DL 


19 


17 


112 


< DL 


Heptachlor epoxide 


< 


DL 


< DL 


12 


U 


li 


< DL 



< DL - telow detection limit 



Station 0075, located at the mouth of the Ecorse River, appeared to be 
in an erosional area. Sediment data were unavailable and the extremely 
reduced benthic fauna was not able to indicate whether S'ubstrate or 
contaminant levels were the major factors. 

Station 0085 was located in the western channel near the north end of 
Grosse Island. Sediments were .mainly silts (61%), while clays also formed 
a large fraction (24%). Organic content was high and contaminant levels 
were also very high. PCBs and solvent extractables, as well as some of the 
metals, continued to ,be ■ the most elevated, though levels had decreased 
slightly from those at station 0062. 

Sediment data were also lacking for station 0072, approxiiiately 3 km 

south of station 0085, again on the Michigan side of the river. Hard 
substrate is presumed to have predominated in this area. 
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Located near the mouth of the Detroit River, station 0070 was sitDated 

in a predominantly sand-gravel area (87% • 3%). Silt content and organic 
levels were lower, as were levels of most contaminants, though 7 of 8 
parameters in Table 6,2 exceeded M.O.E. guidelines. Levels of solvent 
extractables and PCBs were considerably reduced from upstream areas, though 
this may have more to do with the mainly sandy substrate than with an 
actual downstream reduction in contaminant levels. 

The two stations located on the Ontario side of the river at Fighting 

Island were markedly different from the other stations.. 

Station 0100 was situated in a sand-silt area (42% : 44%) of 

rooderately high organic content, located on the eastern side of Fighting 
Island. Contaminant levels, in contrast to levels on the Michigan side, 

were relatively low and only a few slightly exceeded M.O.E. guidelines,- 
with levels of PCBs and solvent extractables well 'below (Table 6.4). 

Station 01,02, located in a predominantly sandy area approximately 1 km 
south of Fighting Island, had even lover levels of contaminants despite a 
moderately high organic content. All levels were veil below guidelines. 

Benthic Invertebrates 

Sand - silt sediments predominated at most of the stations sampled and 

this in turn defined the benthic coiimunity, at least at the unGontaminated 

areas . 

Located on the north side of Belle Isle near Lake St. Clair, station 
0104 "vmB in an area of predominantly sand and gravel low in organic 
content. The benthic fauna appeared to be typical of most large rivers, 
though rather reduced in density and blomass of organisms (Table 6.3), for 
which the high sand content was the most likely cause. Sediment fine 
particle feeders {oligochaetes) formed 78% of the fauna and consisted 
primarily of the conmion species Quistadrllus multisetosus and Limnodrilus 
spp., though in very low densities (Table 6.4). Filterers ( HvdroDSvche ) 
and detrital feeders ( Hvalella azteca) comprised the remainder of the 
fauna. The low numbers of all these organisus pointed to sediments, 
specif-ically the low organic content, as the main factor. 

Station 0101, located at the western end of Windsor on the Ontario 
side of the river, was situated at the mouth of a small bay, which formed a 

depositional area. Silt content (39%) and clay (16%) were higher than at 
station 0104, while sand comprised 39% of the substrate, resulting in an 
equal sand-sUt mix. Organic content was considerably higher than at 
station 0104 and sediment fine :particle feeders were the most prevalent 
group, of which Hexagenla llmbata was a particularly large component (40% 
of the fine particle feeders, which theraselves comprised 68% of the fauna). 
Predators ( Procladius ) and grazers comprised the remainder of the fauna 
(Table 6.4). The high density of H* llmbata was dictated by the sand-silt 
sediment type (the preferred habitat type| Edmunds et al. 1976). This same 
feature could have served to limit many of the other sediment feeders, such 
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as the oligochaetee. 



Station 0il03^ located just south of the Rouge River on the Michigan 
side of the rivers was also in a sand-silt substrate (51%-33%.} of high 
organic content. The 'benthic conmunity, as a result of the high silt and 
organic content^ was comprised mainly of fine sediment feeders iB3%) of 
which the Tljbifex tub! fax - - Linm^r i lus spp. cOiiimuni;ty was dominant. 
Organic enrichment appeared to be the main cause, though contaminant levels 
could have played a part in the elimination of the H. linibata and 
ehironomid communities that were present upstream since levels of many of 
these were ■greatly ele'^rated In comparis.on tO' upstream stations. 

Located 3 km downstream along the Michigan side of the river, station 
0'0'62 yielded a very similar benthic fauna. Sediments were mainly sand 
(61%) with a relatively low silt content (26%.), though organic content was 
high. 'The benthic fauna, consisted primarily of oligochaetes, and the fine 
sediment feeders as a whole comprised upwards of 95% of the fauna. Only 
the well known, pollution tolerant Limnodrilus species were present. The 
high density of oligochaetes at both station Oil03 and this station, despite 
the very high contaminant levels, indicated that these ■materials, in 
particular the PCBs and pesticides, may not have been readily available to 
the benthic fauna. They are implicated as one of the likely causes for the 
absence of Hexagenia as well as the Trichoptera, the chironomld and the 
gastropod species that were present at upstre^am locations. The other major 
factor is the draroatic rise in pesticide levels that became evident from 
this station on downstream. 

Station 0075, located at the mouth of the Ecorse River, appeared to be 
in an erosio^nal area. Sediment data were unavailable, but the 'benthic data 
indicated this \ras an unsuitable area for benthic invertebrates though 
whether this was due to physical conditions (erosional substrate) or 
chemical conditions is unclear from the benthic data (Table 6.4). 

Station 0085 was located in the western channel near the north end of 

'^osse Island. Sediments were mainly silts (51%) while clays (24%.) also 
formed a large fraction. Organic content was high, as were contaminant 
levels. Despite the high organic content, density of organisms was very 
low and consisted of a S'roall population of fine sediment feeders 
(oligochaetes). While the higher clay content may have had some limiting 
effect, levels of most of the parameters were very high in this area (Table 
6.2) and this included polycycllc aromatic hydrocarbons and pesticides as 
well (M.O.E. unpublished data) which were the highest of any areas sampled 
(Table I). :Evidently, a whole range of contaminants were at work in this 
area. The diverse, though depauperate ollgochaete fauna indicates that 
chemical conditions override the physical nature of the habitat, since all 
of the oligochaete S'pecies, including Limnodrilus spp. were severely 
reduced in density. In fact a very similar type of fauna also existed at 
station 0075, though not as severely reduced in density. 

Sediment data were also lacking for station 0072, approximately 3 km 
south of station 0085 again on the Michigan side of the river. Benthic 
data (Table 6.4) showed this area to be extremely reduced in benthic 
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ocganlems, though the cause for this cannot be determined with any 

certainty. A lack of suitable soft substrate may have been the cause, 
though usually sandy-gravelly substrate merely results in a shift of 
species, rather than, the vholesale elimination of tasca, as was evident at 
this station. It appeared likely that when, upstream, conditions were 
considered, a Gombination of adverse physical and chefnical conditions were 
responsible for this reduction. 

Located near the mouth of the Detroit River, station 0070 was situated 
in a predominantly sand-gravel area (87% : 3%). Silt content and organic 
levels were lower as were the levels of most contaminants (Table 5.2 and 
Table I). Benthic density and diversity were higher than they had been 
since station 0062 and consisted not only of fine sediment feeders 
(oligochaetes and Chironomus plumosus ) but some epibenthic grazers 
(amphipods) as well. Fine sediment feeders, at 94%, comprised most of the 
fauna . 

The higher density of organlsins at this station, despite the low 
organic content of the sediments, lends further credence to the claim that 
contaminant levels were responsible for the depauperate communities at 

stations 0075, 0085, a„nd 0072,/ 

Bie two stations located on the Ontario side of the river at Fighting 

Island were markedly different from the other stations. 

Station 0100, situated in a sand-silt area (42% : 44%) of moderately 
'high organic content, was located on, the eastern side of Fighting Island,. 
Contaminant levels, in contrast to levels on the Michigan side, were 
relatively low and only a few slightly exceeded M.0.1. guidelines (Table 
6.2). A very diverse benthic fauna existed ,at this location which was 
dominated by the algal graiers such as Mravlea (32% of the fauna). 
Detrltal grazers (28%) and fine sediment feeders (27%) comprised most of 
the reieinder while predators comprised the final 13%. Density of 
organisms, was high, and could be considered indicative of relatively 
unaffected sections of the river. 

Station 0102, located in a predomi:nantly sandy area approxii!e,tely 1 km 
south of Fighting Island, also yielded a diverse benthic community and 
Indicated that even sandy areas would normally contain large and diverse 
populations of invertebrates, since despite the low organic content and 
high sand content (91%), a large community of benthic organisms was found 
(diversity was highest of any station in the Detroit River CH'= 3.51; Table 
6.4)). These were mainly epibenthic, and were either grazers on detritus 
or algae. Fully 62% of the fauna was comprised of grazers with only 33% of 
the fauna as sediment infauna (mainly oligochaetes) while predators made up 
the remaining 5%. 

In summary, both of these stations appeared to be comprised of a 
normal community of river species. As such they contrasted sharply with 
conditions in the :main river channel, along the Michigan side of the river. 

A gradual, steady deterioration of benthic conditions was evident with 
Increasing d,ista,nce do^wnstre^am. Furthest upstream, station 0104 was 
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closest to the normal condition for sandy areas in the main river. This 
was folloved by an organically polluted zone in the upper area of the river 
(station 010!3)". The transition 'was characterized by steadily increasing 
organic matter and contaminant levels. The increasing organic content was 
consistent with Thornley's characterization of this area (Thornley 1982). 
The benthos consisted primarily of oligochaetes in high densities while 
many of the clean-water Bpecies disappeared. 

This was folloved in the middle and lower sections of the river by 
organically enriched and contaminated areas (stations 0062 and 0085 and 
apparently 0015 and 0072 as well) which were characterized by severely 
reduced benthlc coimonltles. The benthic coxnmanities norirslly associated 
with organic pollution were also extremely reduced in this section, though 
at station 0085 organic content and substrate type did not appear to be 
limiting factors. High levels of pesticides and other organics (PCBs) in 
the sediraents were strongly implicated as the major cau:3es for Lhtjz^e 
reductions. High levels of metals do not appear to have any major effect, 
for the reasons discussed earlier in this report (Section 3.1.1). 

A minor recovery of this pollution tolerant fauna was apparent at 
station 0070, the furthest station downstream. Despite the similarity of 
the substrates at this station and station 0104, furthest upstream^ the 

clean-water forms noted at the latter did not reappear. 

The two stations located on the Ontario side yielded the most diverse 
communities of any in the study area. Contaminant levels were low at both 
of these areas and had no apparent effect on the benthic fauna. 



Suimary 

1) Areas along the Ontario ' side of the river appeared to be much less 
affected than areas along the Michigan side. Areas along the Ontario 
side contained norital, diverse river faunas. These areas (stations 
0100 and 0102) were low in sediment contaminant levels. 

2) The main river channel showed a pro^gressive deterioration of 
conditions with increasing distance downstream. Upstream areas were 
mainly organically polluted while downstream areas appeared to be 
chemically contaminated as well. The benthic comiunities were 
extremely reduced, though any one contaminant, of the plethora of 
available possibilities, cannot 'be singled out. 

3) A reduction in levels of chemical contamination to a situation of 
simply organic pollution was apparent near the mouth of the river. 
Some recovery of the benthos was evident as well. 



TABLE 6.1. WATER QOALITY DAm - DETROIT RIVIB (TAKEN 1 M OFF BOTTOM). 
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TlBLe 6.3. DISTRIBUflON, DMSITY AMD BICMAOS l^TimTlS OF MAJOR MA^O^HTHIO TMA 

DEmoiT mvm 

All '¥aly@s aiT'e e^^cessed as fe per square meter. 
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QEganisis 


Biantass 
(pel 


MTtROPODA 
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T&BLE 6.3. (continued) 



All values are expressecl as #'s per square meter. 
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TimM 6.4. DMSITY MID DISIRIBUTION OF MACHOmHTHIC TMA - DEmOIT RIVm. 



STATION mHIER Cl/i^) 

SPECIES 0104 QiOl 0103 §062 0075 01,00 0085 0102 0072 007O 
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Ep^lieifridiis Hiiaoinia I lib at a i 107 15 
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Istwura sp. * 15 .. 

LEPIDflPTERA: 

Hunroissa sp. 15 
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Poiyctntropodidaf: 
Pislycentrspus sp, # 

%ctio.pftylai sp, 15 

Hydfoptiiidan Apraylta sp. 5B2 4S 
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Cryptichironcptus sp. 31 
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Polaiothrix vijdovslyi, 8 

Spirosperia ferox 4 61 4 

O'Uistadfilas luitisetosus 11 536 15 15 
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7. LME mmm 

7,1. MIDLMD MY 

Introduction 

Midland Bay (Fig. 7.1), in comparison to the areas sampled on the 

lover Gr'eat Lakes, was a relatively uncontamlnated area. The major inputs 
to the bay have been primarily from relatively small local industries, and 
doiiestic sources . 

Water Quality 

Water quality conditions (Table 7.1.1) in Midland Bay revealed an area 
of only moderately hard water (lover than recorded in Lake Ontario- 
Section 3) of high pH. Organic content was low at all stations and the 
waters were generally clear with a low suspended ■particle load.. Salts (Na, 
and CI) were very low. Results overall were homogeneous and showed little 
var iat i on among s i tes ( Table 7.1.1),. 

Sediment Quality 

Sediments in Midland Harbo'uz' were a sand silt mix In which sand varied 
from a high of 77% to a low of 10%. Despite this variability, organic 
content was consistently high. Similarly, contaminant levels were also 
moderately high and at all stations at least one parameter exceeded M.O.E. 
guidelines, Sol vent extractables, Fe and some of the other metals most 
consistently exceeded the guidelines though most, with the exception of Fe, 
were less than 2 times the limits (Table 7.1,2). Pesticide levels were low 
at all stations and, with minor exoeptlo^rm. were all below detection levels. 

Station 512 (Fig. 7.1), located at the mouth of the harbour, was 
situated in an area of predominantly silt and clay substrate (Table 7.1.2). 
Organic content was high, and sediment contaminant levels were slightly 
above M.O.E. guidelines for most parameters. Levels of Cr and Fe were 

highest, exceeding the guidelines by ca. 3 times in each case. 

Station 513 was located in one of the ship docks in the harbour. 
Sediments here were primarily sand (77%), with a minor amount of silt 
(17%). Despite the high sand content, organic content was also relatively 
high, as were levels of contaminants. Solvent extractables were highest of 
any of the areas sampled and were nearly 2 times M.O.E. guidelines (Table 
7.1.2). Of the 8 :parameters listed in Table 7.1.2 for which guidelines 
have been developed, only four exceeded the acceptable levels. 

Sediments at station 514, located along the western edge of the 
harbour, were comprised mainly of silts (52%) and sand (33%) and were 
moderately high in organic content. Contaminant levels were generally 
moderate and of the 5 that exceeded the guidelines, most did so by 
relatively small amounts. 

Station 515, located about 200' m east of station 514 was similar in 
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sediment characterization and levels differed only slightly for all 

parameters ( Tables 7 ., 1 . 2 ) . 

Located in the center of the torbour,, station 516 was situated 
opposite the main dock area (Fig. 7.1). Sediments in this area were mainly 
a sand-silt mixture (48% : 40%) of moderately low organic content. 
Sediment contaminant parameters were similar to the other areas of the bay 
and were in fact slightly lower than at stations 512 and 513. In the case 
of many of the metals^ levels were only half those recorded at these latter 
two stations,. 

Sediments at station 517, located about lOiO m southeast of station 
516, were comprised of a high proportion of sand (67%) and were 
correspondingly low in organic content. Contaminant levels remained 
comparable to station 516 despite the higher sand and lower organic 
content,,, and Hg and solvent extractables in particular were elevated. The 
mercury' levels were,, in fact, the highest in the harbour and were ca. 3 
times higher than, the guidelines permit. 

Station 518 was in an area of ■mainly sand-gravel substrate (49% and 
5%) with a moderate level of silt (35%). Organic content and contaminant 
levels were, as a result,, also moderately high^ though only 4 ■parameters 
exceeded the guidelines. 

Station 519, located at about the middle of the bay, was an area of 
mainly silty sediments (59%) of moderately high organic content. 
Contaminant levels were similar to those at stations 514 and 515, both of 
■which were located in the open :part of the harbour. 

Station 520 was in an area of sandy substrate (63%) with a moderately 
low silt fraction. Organic content, however, was relatively high, though 
this was not matched by contaminant levels, which were the lowest of any 

station sampled. 

Station 521, like station 512, was located at the entrance to the toy. 
Sediments here were mainly silts (63%) with a small percentage of sand 
(14%) and moderately high in organic content, C:ontamlnant levels were also 
very similar, though levels of solvent extractables were ca. 30% higher 
than at station 512. 

The harbour appears to be divided into two sedimentary zones. The 
first (stations 512, 514, 515, 519, and 521) is the central, open-water 

section of sandy substrate with considerable silt accumulation. Organic 
content and contaminant levels were generally higher at these stations than 
at the stations close to shore (the second zone). The exception was 
solvent extractables . 

The second zo^ne ■was the shoreline area (stations 513, 516, 517, 518 
and 520) which consisted of generally sandy substrates. Though contaminant 
levels were generally lo^wer, the levels of solvent extractables reached 
their highest values in this zone. 



" 59 - 
Benthic Invertebrates 

Though sediment distribution, appear ed to follow a pattern in the 
harbour, no such zonatioin was apparent in the benthic conimunities 
investigated. Rather, these presented the harbour habitat as nearly 
homogeneous in terns of coramunity structure (Table 7,1,4). 

Station 512 (Fig. 7.1), located at the mouth of the harbour, was 
situated in ah area of predominantly silt and clay substrate (Table 7.1.4). 

The benthic coniiunlty consisted mainly of sediment fine particle 
detrltivores, which formed 61% of the fauna. The remaining 39% was 
comprised of predators, such as Procladius and Qecetis . and epibenthic 

grazers, such as tee Hue and Tanvtarsus .. The relatively low density of 
organisms overall was likely a result of the high clay content, which would 

tave limited burrowing forms such as the oligochaetes. 

Station 513 was located in one of the ship docks in the harbour and 
sediments here were pri'marily sand (77%) and low in silt (17%). The benthic 
fauna differed little from station 512, except for a slightly more diverse 
fauna, particularly among the oligochaetes (Table 7.1.4.). Sediment fine 
particle feeders still comprised the .major portion of -the fauna (66%) and 
these consisted of the oligochaetes, which were represented by the common 
sandy substrate species rSpdrosDerma ferox and Qulstadrilus multisetosus. 
and the chironomid Qiironomus . 

Sediments at station 514, located along the western edge of the 

harbour were comprised 'mainly of silts (52%) and sand (33%). The benthic 
fauna was similar to that found at the preceding two stations and differed 
only in a slightly increased density. Most of this increase occurred in 
the Chironomus - ollgochaete fine sediment feeding group, which most likely 
responded to the lower sand content of the sediments. 

Station 515, located about 200 m east of station 514, was similar in 
both sediment characterization and faunal diversity (Tables 7,1.4). 
Sediment feeders still comprised the major component, though grazers had 
increased in proportion (42%). Diversity of predators had also increased 

and included such forms as Sialis , 'Q:¥ptochironomus . and Procladius , 

Located in the center of the harbour, station 516 was situated 
opposite the main dock area (Fig. 7.1). Sediments in this area were mainly 
a sand-silt mixture (48% : 40%). The benthic fauna, though reduced In 
density, was still diverse and Included most of the species encountered at 
the preceding stations. 

Sediments at station 517, located about 100 m southeast of station 
516, were comprised of a high proportion of sand (67%). The 'benthic fauna, 
however, was considerably larger in terras of density, though it showed 
little change in diversity. Most of the Increase took place in the fine 
sediment feeding community of oligochaetes, clams ( Pisidlum ) and Chironomus 
spp. 

Station 518 was In an area of ■mainly sand-gravel substrate (49% and 
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5%) with a moderate level of silt (35%). Benthic diversity was reduced and 
consisted mainly of a large population of Chlronomus thunmi group aod a few 
oligochaetes. Sediment type^ appeared the most likely factor reducing 
oligochafite density since levels of potential contaminants affecting this 
group were low. 

Station 519^ located at about the middle of the bay, was an area of 
mainly silty sediments (59%) of moderately high organic content. A diverse 

fau,na"also existed at this location,, comprised mainly of sediment fine 
particle feeders. A greater proportion of the species were chironomids 
rather than oligochaetes and indicated coarse organic matter was relatively 
more significant in this area. 

Station 520 was in an area of sandy substrate (63%) with a moderately 

low silt fraction, though organic content was relatively high. Density and 
diversity of benthic organis.ms was highest of any of the stations, though 
over half of the density was due to a single chironomid species, ChironQm.us 
thummi . l^ibenthic grazers, such as HYalella azteca and Melius were also 
significantly higher, as were the gastropods, most of which utilize coarse 
detritus and macrophytes. All of these factors indicated that a large 
source of detrltal material was available at this location. It is 
therefore likely that this area of the bay was one of the :main depositional 
areas for coarse organic ■matter^ since this high density did not occur at 
any of the other stations. 

Station 521, like station 512, was located at the entrance to the bay, 
in a similarly silty (63%) area. Faonal density and diversity were also 
similar and the benthos consisted primarily of fine particle feeders, of 
which chironomids and oligochaetes comprised 90% of the fauna. 

In sunmary, conditions in the harbour appeared to vary slightly among 
stations in terms of sediment contaminant levels and substrate organic 
content. Benthic communities also differed only slightly among stations, 
usually only in density of organisms. While the fine particle feeding 
community, comprised usually of Chironomus spp., the oligochaetes, and the 
Pis id jura spp. dominated the fauna at all stations, species composition 
lacked the community typical of organically polluted areas. For the most 
part, the oligochaete community was quite diverse and did not dominate the 
fauna numerically, as would have been e:xpected in organically polluted 
conditions. 

Throughout the harbour, the benthic fauna showed a variation in 
density most likely attributable to microhabitat differences. These 
changes were not likely the result of any gross changes in either the 
physical or chemical nature of their habitats. 

In general, the harbour can be classified as eutrophic (i.e., 
productive), but did not appear to be organically polluted. Contaminant 
levels appeared to have little effect on the benthos, whose main 
determining factors appeared to be organic content, specifically the local 
availability of detrital matter. 
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SuBmarv 



1) Conditions in Midland Harbour were t^ical of shallow, eutrophic, 
near -shore areas. Sediments were prinarily fine organic matter and 
sand. Sediment t^^ and organic content appeared to be the main 
factors affecting the benthic coiwiunity. 

2) Contaminant levels, while in some cases exceeding guidelines, were 
generally low and appeared to have no effect on the benthos. 
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TABLE 7.1,. 2. SEDIMIMT' DATA - MIDLAI© HAlWro. 
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fmm 7.1. 3. DISTEIBUfim, DmSITY AND BIQMASS ISTlMiTES OF MAJOR l^GROiaiTHIC TAM 
MIDLAND BAY. 

All values ace expressed ae #*s per sqoare meter. 



Station #512 



Station 1513 



Station #514 
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TMIil 1.1.3. (ContliMed) 



Ml values are es^ressed as i's per sqiMre meter. 
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TMLi 7.1.3. (Continued I 



Jill values are expressed as i*s per square meter. 



Station 1518 
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0.007S 






610 
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TMMM 7.1.4* DQISITI MD DISTRIBUTION OF MA<^OBEIfrHIC TAXA - MIDLMD MY. 



SPECIES 



m 



m 



STATION NUHIEI Ct/i^) 



did 



516 



517 
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519 



520 
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MEGALQFTERA 

Siaiidae: 3iaii5 sp. 
ODONATA 

IcsnaiHf ::r.i"ae: EnaiiagiBa sp. I 

TPICHOPTERA 

LeptDCBnaae: Cecetis sp. 4 

Hydropsychidae: Hyflfopsycfie sp. 

Pclyce^tropodiaae: 
Pfiyiocentfopus 5p. 11 

b:"era 

Cefatopogonidae: 

Palpciyia cosplex O 

C-hdOOonocie: 

;.haoboru5 punctipermis 
.;;iii' jr.cuDiaas; 

Cryptocnironoaus sp. 23 31 
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DiCfOtendipes sp. 
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p5ectroci3diu5 !.-. 1 sp. 

"Y TiciadidS sp. 77 65 

AMPHIPODA 
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GatAiMndae: 
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ISCPCDA 

Asellidaes Aseilus sp. H 
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Bphaeriiaas: 
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Fl5lQiU0 sp. 
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aASTROPODA 
Valvatidae: 
Vaivata sincera 4 

y, tricannata 
Hydrobiidae: Aiin:cola Iifflc^a 
Physidae: Fhyseila qyfins sayi 
Planorbidae; Gyraius parvus 
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Spir jsper.iia feros 
Quistadnltis iiultisetosus 
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capi ill form setae 268 19' 
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15 



169 



41 



797 



77 



15 
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0.79 



2.47 
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7.2. PlNm'MIO HMBOUl 

Introduction 

Penetang Harbour, similar to nearby Midland 'Bay, was a relatively 
iinimpacted area. Small local industries and domestic sources represented 
the ooly :major impacts in this area. 

Water Quality 

Penetang Harbour was an area of moderately hard water and relatively 

high pH (Table 7,2.1).. Organic content was low at most stations and 
turbidity and suspended particle load were low except at station 528. 

Sediment Quality 

Sediments in Penetang Harbour were highly variable, ranging from 
mainly silt (75%| and clay (14%) in the South Basin, to mlnly sand (90i'%)i 
in the constricted central section (Fig. 7. .2 1. Organic content and 
contaminant levels varied accordingly, being generally low in areas of sand 
substrate (Table 7.2.2). Pesticide levels were generally below detection 
levels with the exception of station 527 (dleldrin 4 ng/g) and station 528 
(heptachlor epoxide 10 ng/g). 

Station 522, located in the shallow south ■basin, was situated in a 
predoiiinantly silty area of high organic content. Contaminant levels were 

the highest recorded in the harbour for Cu, C^, Zn and solvent 
extractables, all of which eKceeded guidelines by 2 =3 times (Table 
7.2.2). 

Station 523 was also located in the South tesin in shallow water along 
the Penetanguishene waterfront. Sediment composition was very similar to 
station 522, though organic content was slightly reduced, as were 
contaminant levels. 

Located at the north end of the south basin, station 524 was in a 
sand -silt substrate of moderate organic content. Contaiiinant levels were 
similar to those at the preceding stations. 

Ipproxlraately 70^0 m, north of station 524, sediiients at station 525 
were sand and silt (31% : 55%) similar to station 524, and were generally 
mioderate in organic content (Table 7.2.2).. Contaminant levels were low for 
all parameters and only two (Cr and Fe) exceeded M.O,E. guidelines. 

Station 526 was located in a narrow section of the bay, high In sand 
(87%) and very low in organic matter. Contaminant levels were very low, 
consistent with sandy areas and all were well below M.O.E. guidelines. The 
very low organic content, as well as the mainly sand substrate, indicated 
this was an erosional area with little or no deposition or retention of 
organic 'matter. 

Station 527 was also located in a sandy area (89%), though organic 
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content was higher than at station 526, indicating the acciffliulation of at 
least some organic natter had occurred. Contaminant levels were similarly 
low and all were below guidelines. 

Located in a small bay in the north basin, station 528 was in an area 
of predominantly silty substrates, moderately high in organic content, 
though generally low in contaminant levels (only Ct and Fe again exceeded 
M.O.E. guidelines). 

Similar situations oceurred at stations 529 and 530, both of which 
were in areas of high silt content with moderately high organic levels. 
Contaminant levels were similar to those in soft sediniient in the south 
basin, though levels of Fe were approximately 30% higher. 

Station 531, located in the outer harbour, was an area of sandy 
substrate (85%) low in organic matter. Contaminant levels were very low, 

and in many cases, levels of individual parameters were lower than at 
stations 526 and 527. 

It 'was apparent, therefore, that most of the contaminants were 
distributed generally throughout the sediments in the harbour and that only 
in areas where sorptive capacities were low (sandy substrates) were levels 
reduced to generally insignificant amounts. 

Benthic Invertebrates 

The distribution of benthic organiB.ms in the harbour appeared to 
closely follow the distribution of organic sediments. Densities of 
organisms were generally highest in silty areas, though diversity was often 
higher in the sandy sections, reflecting the tendency of a few species to 
dominate the fauna In the soft sediment areas. 

Station 522, located in the shallow south basin, was situated In a 
predominantly silty area of relatively high organic content. Not 
surprisingly, the benthic fauna consisted lainly of fine sediment feeders, 
primarily the chironomlds Dicrotendipes , Parachironomus , Saetherla, and 
Tanytarsus . the snail Valvata and a small population of oligochaetes. One 
species alone, the chlronomid Tanytarsus ^ made up 55% of the total fauna. 
The epibenthic grazers such as Hvalella a'^teca and Endochironomus, and the 
predators C tt yptochir onomus and Procladius ) comprised the remainder (23% 
and 3.5% respectively). The rather diverse chlronoiild fauna, coupled with 
a low density of oligochaetes. Indicated this area was eutrophic but not 
organically polluted. 

Station 523 was also located in the South Basin in shallow water along 
the Penetanguishene waterfront. Sediment composition was very similar to 
station 522 though organic content was slightly reduced, as were 
contaminant levels. The benthic fauna was also similar to station 522 but 
differed in a much lower density and a somewhat reduced diversity. The 
main constituents of the fauna, however, were the same, and the chironomid 
Tanytarsus was still the most common organism, comprising 81% of the fauna. 
Ollgochafites formed only a small percentage of the total fauna, despite the 
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high organic content, with the majority of the fine sedimfint feeders and in 

fact the majority of the entire fauna comprised of chironomid species. 

Station 524 was located at the north end of the south basin in a sand- 
silt substrate of ii,oderate organic content.. The benthic fauna, though 
reduced in density, was moderately diverse. Most of the fauna coinsisted of 
ollgochaetes (65%) and fine sediment feeders comprised 73% of the benthos. 

The high diversity of oligochaete species however indicated that eutrophic 
conditions and not organic pollution prevailed in the sediments. 

Station 525 was situated in shallow water approxiniately 700 m north of 
station 524. Sediments were sand and silt (31% : 55%) and, as at stations 

522 and 523, located in similarly shallow areas close to shore, the 'benthic 
fauna consisted mainly of chironoiiids, especially the fine particle grazers 
such as Tanytarsus and Glvptotendipes . Sediment infauna (oligochaetes) 
comprised 10% while fine article feeders comprised 72% in total . 

Epibenthic 'grazers (.amphipods and isopods) comprised 18% while predators 
made up the rema,ining 10%. Conditions here ap^peared eutrophic (as are most 
soft substrate littoral areas) but not organically polluted. 

Station 526 was located In, a narrow section of the bay high in sand 
(87%) and very low in organic matter. The very low organic content, as 
well as the mainly sand substrate, indicated this was an erosional area 
with little or no deposition or retention of organic matter. The low 
density of benthic organisms appeared to be a consequence of the substrate 
type. The species present (Table 7.2.41 were mainly fine sediment feeders, 
though even these reflected the sandy sediments, since the most common 
species was Qulstadrllus multisetosus , typical of sandy habitats. 

Station 527 was also located In a sandy area (89% I, though organic 
content was higher than at station 526, indicating the accumulation of at 
least some organic matter had occurred. As a result, faunal density and 
diversity were also much higher and fine sediment feeders formed the major 
part of the benthic co:mmunity (78%). While oligochaetes comprised 70% of 
this fraction (54% of the total fauna), the species Q. multisetosus was 
again the most common, a consequence of the sandy substrate. Chironomids 
were the most varied group and represented all three gfroups (fine sediment 
and coarse detrital feeders and predators). 

Located in a small bay in the north basin, station 528 was in an area 
of predominantly silty substrates, moderately high in organic content, 
though generally low in contaminant levels (moderate levels of the 
pesticide heptachlor epoxide were recorded (M.O.E. unpublished data)). The 
fauna was reduced in density though diversity remained high and this may be 
a result of the presence of this pesticide. The chlronomld fauna again 
dominated the benthic fauna both in density and diversity, and consisted 
primarily of fine particle feeders (49%) and predators such as 
CrvDtQchironomus and Procladius (29%). Epibenthic grazers comprised only 
22% of the total and indicated a general lack of coarse detrital material. 

Similar situations occurred at stations 529 and 530, both of which 
were in areas of high silt content with moderately high organic levels. At 
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both, chironomids were the major components of the fauna, while the 
oligochaetes mde up the next largest fraction. At all three stations the 
sediment fine particle feeders coimprised the major part of the fauna, a 
result consistent with the high silt content in these areas,. 

Station 531, located in the outer harbour, yielded a very diverse 
fauna, high in density of organisms (Table 7.2,2). A sandy area, low In 
organic natter, it nevertheless appeared to be an area of acGumulating 
detritus, likely coarse inaterial. This was indicated by the presence of 

the trichopteran species, the chironomid EndQchironomus and the large 
populations of camnarus pseudoliimaeus and Mmicola limosa . All of these 

organisms are associated with C'Oarse detritus, particularly decomposing 

plant matter. Sediment infa'una was a relatively minor component and again 
was represented by the typical sandy substrate spe^cies Quistadrilus 
multisetosus. 

In summary, the benthic community in Penetang Harbour appeared to be 
determined primarily by depth and sediment type. Shallow silty areas 

tended to be the most productive and the fauna in these areas (stations 
522, 523, 524, 525, 528, 529, and 530) was comprised mainly of sediment 
fine particle feeders, of which the chironomid species were the most common 
and diverse components. Oligochaetes played only a minor role in benthic 
composition, mainly as a result of the sediment type. These areas all 
appeared to he. eutrophic (or pr'Oductive, littoral areas) but bore no 
evidence of being organically polluted. 

Deeper, sandy areas (stations 526, 527, and 531) were the least 
productive, except where coarse detritus had accumulated, resulting in a 
diverse, though quite characteristic fauna at these stations (527 and 531). 

Contaminant levels were low at all stations and even the highest 
levels (station 522) appeared to have no effect on the benthic fauna. 
Though pesticides were present at stations 527 and 528, these levels were 
very low. The changes in the benthic fauna at these stations were slight 
and could not positively be attributed to these contaminants. The 
differences in density appaar rather, as merely mlcrohabitat effects. 

Sumfflarv 

1| Sediment type and depth were the main factors effecting the benthic 
community. Shallow, eutrophic areas, high in silt content, were the 
most productive and were coiiprised of fine sediment feeding organisms. 

i| Deeper water areas of sandy substrate (stations 526, 527, and 531) 
were low in both density and diversity of organisms. Where sands 
appeared to be overlain, or to include, coarse organic matter 
(stations 527 and 531), diversity was high, and a characteristic fauna 
of mainly sediment surface feeders occurred. 

M (Contaminant levels were low at all areas and had no apparent effect on 
the benthic fauna. 
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TABLE 7.2.1. WATER QOALITY DATA - PQIETAtC HABBOra (TAKEN 1 M OFF BOTTOM). 



Statlu |H Hafdieee 
luiler fii/11 



Peiaid fCo!) Carlioi i 
imih fig/l 



1 Ijeldall 
0181 III) 
(■i/1 


furliilty 


Basfeidad 

Particilite 

(■1/1) 


Sodiii 
tia) 
■i/ll 


Chloride 
[CI 


i.ld 


IJ 


e.24 


S.flfi 


1.23 


ejis 


IJ 


6J5 


5.04 


i.ie 


e.43 


i,i 


8.16 


§.18 


?.3? 


LU 


IJ 


4.71 


4.92 


1.22 


0.13 


i.l 


16.11 


4.88 


?J5 


i.32 


5.9 


IJt 


4.81 


IJO 


o.ie 


13.! 


SI. 61 


1.76 


1. 21 


0.3B 


5'. 6 


14. ?4 ■ 


iM 


?.32 


OJl 


i.l 


12.42" 


4.16 


IM 


0.2S 


3.0 


IM 


4.63 


l.U 



522 8. 


18 88.1} 


523 8. 


16 81.0 


524 8. 


5S 92.8 


52S 8. 


21 85,5 


528 8. 


13 84.5 


52? B. 


18 84.5 


528 8. 


13 83.5 


529 6. 


23 T6.5 


530 8. 


19 80. g 


531 8. 


17 78.0 



3.0 

3.'§ 
3.1 

i.i 
3.1 
3.1 
3.1 
3.2 
3.2 
3.2 



TAKil 7.2.2. SmiMENT MTA - PINITANO mim. 



Iiitef Grifif/liii/llit/Clif 



jay 



I|iit!||lMIl 



Total 



iKi.Jp! 



Solfeit 

lilfictallei 
(ui/il 



§22 


i/lQl/?S/14 


86.0 


18.0 


123 


l/li/TI/ll 


TO.O 


12. i 


524 


0/15/il/e 


4i.fi 


lA 


525 


0/32/55/§ 


33.(1 


e.2 


526 


i/eT/e/2 


< 5.0 


o.i 


51? 


mmn . 


5,8 


i.i 


528 


0/2e/58/i2 


36.1) 


e.5 


529 


i/i8/ei/2o 


§1,11 


e.T 


531 


i/10/S4/2i 


54.0 


10.0! 


531 


B/8&/12/2 


< '5.li 


0.1 



3,483,9 

tmi 

1,113.0 
TSl.S 
llD.i 
225.0 

IJlu.y 

2,raj. 

2.246.3 
144.0' 



StitioB 
iiiber 



fai/ll 



(Ui/il 



ilfii 



(ig/il 



Is 



Imii} 



ii 

(li/il 



inim 



522 


43.9 


§23 


33J 


524 


33.0 


525 


15.0 


m 


U 


527 


3.3 


528 


23J 


52S 


3S,0 


530 


42.0 


531 


3J 



85.0 
52.0 
35.0 
28.0 

S.O 
10.0 
50. i 
64.0 
63.1 

4.1 



< i 



§ 

,0 
,0 

i..l 

O'.l 

< i.a 



21,100.0 


4.13 


200.0 


18,000.8 


25 


24,P0.0 


2.i2 


120 „0 


IT, 000. § 


30 


li.iOI.O 


2.98 


130.0 


11,000.1 


120 


15, •010.0 


2.52 


53.0 


11,000.0 


< 20 


i, 800.0 


o.ao 


13J 


2.300.0^ 


< 20 


■1,300.0 


0.65 


22.0 


I.OIfl.i 


( 20 


21,000.1 


4.00 


88.0 


13,010,0 


( 20 


32,000.1 


6.11 


150.0 


21,.fi0fl,§ 


< 20 


38,000.01 


6.T8 


180.0 


2§,i00'.0 


i 20 


IJOO.i 


0.4i 


3.4 


1,610.0 


< 20 



TMOM 7.2.3. DISTRIBUTION, DMSITf M© liattSS ESTIMITES OF MAJOR »^01E»miIC TWCl 



All values are express'ed as^ i's 'per sqoare meter 



Class Arachnida 

0. Icarina 

Class Crustacea 
Oubclass Malacostraca 
0. liiphlpoda 
0. Isopoda 

MOLLUSCA 
Class Gastropoda 

Class Pelecypoda 

NIMATODA 



Station #522 



Station 1523 



Station #524 



Ivtrage # Biomass Average I Bioiiass Average I Bionass 

teganisins iqam} te'^ganis^Bs (gns) ^OrganiB.iis Cgmsj 



IRTtEOPODA 

Class I:nsecta 

0. Ephemeroptera 

O. 'Odonata 

0. lilchoptera 

0. Coleoptera 

0. Diptera 

F. Qiiroiioniidae 

F. Chaoboridae 

F , Ceratopogon i dae 

0. Megaloptera 



M 



m 



3,432 1.1428 1,481 0.4716 



0.0073 



0,0'088 



0.0444 



ii 

1 



554 


0.2417 


36 


0.0209 


tt 


50 


0.6159 


13 


0.0261 


i 


157 


0.1302 






1 


m 


0.0138 


9 


0.0567 





0.2294 
0.0039 



0.0050 



PLATYI^LMINTHES 
Claee 'Turbellaria 



42 



0.0019 



AMNBLIDA 

Glass Hirudinea 

Class Oligochaeta 



i 
it 



0.1025 



54 0.0772 



590 



0,5565 



TOfM. # mOMIlSMi 
TOTAL BIOMASS 



OMMCTID lIOiMASS 
(+10%) 



4,231 



2.8649 
3.1514 



1,597 



0.6969 
0.7666 



729 



0.7948 

0.8743 



ililii 7.2.3. CO@ptiriuid| 



ill ¥ilig§ ii§ giipii§§i if i'e pf e^ii nfeei. 



Statioii #525 



Station 1526 



Station #527 



iPBEage i Bi 



Mmzaqe # Biomass Average # Bi 



mrmwoDA 

Class Insecta, 

0. ^hemeroptera 

0. 'Odonata 

0. 'Trlehoptera 

0, Coleoptera 

0. D'iptera 

P. Oiironomiclae 
P* Ghaoboridae 
F. Ceratopogonidae 
P. Itegaloptera 


1,318 


0.2454 


1 

I, 


0,0007 


1 
I 

315 

1,, 


0.0008 
0.0027 

0.0976 
0,0002 


Glass teaehnlda 

0. Ikcarina 


31 


0.0168 






t 


0.0032 


Class (^ustaoea 

Subclass Malacostraea 
0, laphipoda 
0. Isopoda 


112 
72 


0.0276 
0.0658 


8 
8 


0.0136 
0.00135 


38 
158 


0.0064 
0.1633 


MOLLUSCS 
Class Gastropoda 
Cone large claii) 
Class Pelecypoda 


20 

m 


. 0.0334 
0.0134 


17 
8 


0.0645 
0.0318 


55 
45 


0.4937 
(275.19) 
0.0337 


NHHTODl 








,« 






PIATraHiMIffTHES 
Class Turbellaria 














awmLiDA 

Class Hirudlnea 






1 








Class Oligoctaeta 


148 


0.1398 


147 


0.0332 


760 


0.6792 


TOTtt # «^iae 


1/726 




191 




1,392 




TOTAL BlOmSS 




0.5422 
0.5964 , 




0.4439 
0.4883 




1.4808 
(276.67) 


OO^SSCUD BIOHliS 
(+10%) 


1.6289 
(304.34) 
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T &grji 7,2.3. (Continued) 



Ml ^mlues are expressed as #*s igmz square meter. 



Station #528 



Station #529 



Station #530 



Station #531 



Average I Bi€»nass Average i Biomass Average # Bionass Average # Biomass 
Organlsins fgns) Organisne igamj ttganisns (gms) Organisis (gn^) 



0.1126 



153 


0.4862 


34 


0.6342 


10 


0.1601 


%M 


0.0993 



m 



0,0149 



120 



0.0415 



785 



1.7563 
1.9319 



iff 


0.2063 


151 


0.1367 


121 


0.3696 


i 


0.0012 


i 


0.0018 


5 


0„0008 



0.26 



0.0023 



1 




3 


0.003 


» 


, 0.0677 


65 


0.1049 



11 



0.0332 



a. 



0.027 



161 



0.0877 



334 



347 



0.6034 
0.6637 



19 0.0822 



1^134 0.7722 



19 



213 



0.0111 



0.2350 



6 


0.0107 


207 


1.6577 


41 


0.01099 


36 


0.1350 


1 




3 






■ 


4 


0.0010 



438 0.4543 



2/080 
0.5210 3.3485 

0.5731 3.6834 



TMLE 7.2.4. DENSITY AND DISTRIBUTION OF mCROMlfffllC TMA - PEUETING 
MRBOUR. 

STATION NyNili (l/|2) 



SPECIES 122 . 523 524 52:5 52S 527 528 529 530 331 

EPHEflERflPTERAi 
Epheifridae: 

Ifxaflfiiiiia ip, ii 

meALOfTERA 
Siaiiuae: 

Sialis sp. . I 

OOiNAfA 

CofBagrionidai; 
Enailaaii sp, I 

tiichopteIa 

Liptocfridii; 

OiCitis sp, 4 

Hystacides sepylcbralis ;l| 

Poiycefltropodiyiis 

Pol yciitr opus sp. 11 

DIPTERA 
CfratopogonidaBi 

Pilpoiyia coipiex ^ i 

CfiiiOiboridai: 

Chioborus punctipenihis 8 || 11 

Cliiirofloiidaii 

CryptochiroiOiuB sp. iS3 5fi 41 B U9 H || fK 



1 " H 



\n 


73 








m 




■ii 


w 


59 


n 








4 


&i 


92 


■II 
1' 


II 

4 


51 



Chironoius pluiosus group 15 

Chironoius thuiii iroup ' 19 15 

ieiicryplochiroifjMui sp. S 

iicrotfndipis sp. 214 15 Ji I 27^ 

ilyptottndipis sp. 77 73 245 

EnidiOichirtnoiMs sp. 291 8 77 ll 

Phatnopstctra sp. ' ^* 130 

Polypidilui CP.) sp. I 

FiriCiSiiiroflOHJs sp. 153 

iaetheria sp. 521 

Stictochironomus sp. 

Cladotanytairsus sp. 

Tinytarsus sp. 3,845 1,275 31 113 

Pistlliastia lonqiiiana 

Pfocladius sp.' ff 54 M 

Am I POM 
Haystofidai: 

Pontoporeii hoyi 
Talitridat: 

Hyalella aitiica 980 

iBaiiaridais 

Saiiarus lacustris 193 |SI 31 V 

i. psiudoiliinaius H IB - M 

I30P0BA 

Asillidat: Astllus sp. 92 il W » 157 4f5 I il 

PELECYPOflA 
Sphaeriidat: 

Sphaeriui striatinmi 80 11 It > 

Pisidiui casirtaflM 77 11, 14^: » S' » 

P. liUjiborii i 

iSASTRQPODA 
Valvatidaes 

Valvata sincsra 352 M 4 

V. tricarinata 4 13 a4 

Hydrobiidaii 

Ami col a liiosa 46 ll 19 ■ i;l 226 

Pliysidats 

Ptiiysi'lla gyrina siyi 4 

Planiorbidafi 

IHflisoia sp. " ♦ 

Viviparidaii 

Viviparus sp. 1 

Caipiioia dfiscisu* I 



TABLE 7.2.2. 



DMSITY MID DISTOiaJTiai OP MAOTOBaraHC TMCA - PMBrMG HMBOUR 
(Continued) 



STATIOI NUHIES (t/ii^) 



SPiCIli 


522 


523 


m 


,^ 


m 


m 


m 


m 


SI 


». 


HIRUiIHIE,A 






















Hiloibdella stiqnalis 


11 










» 










OilGOCHAETA 






















lulificidii: 






















iui st adr i 1 ys lu i t i set osus 










138 


S44 


,. 






276 


Tubiff)! tuliftx 






23 
















liochiftidfi fre|i 






73 


31 










11 




Poitaiiothrix: ioildayiensis 






23 
















Li inoir 1 1 us hof f iii stir i 




11 


23 


Si 




103 


15 


a 


» 




L. aflQiustipenis 






23 
















liiatureB «ith 






















capillifori setae 




15 


73 










1 






Iiiaturti yithoit 






















capillifori silai 


46 


2? 


245 


m 




l&S 


m 


m 


'It 


m 


Na id id lis 






















Dero sp. 


31 












s 






#1 


Ophidonais sp. 


31 




















Tola! Nmber of Organiiis 


1,131 


1,582 


743 


1,377 


:04 


1,503 


732 


337 


373 


1,835 


Sptcies Piversity (H'l 


2.60 


1.26 


3.04 


2.72 


i.63 


3.03 


3.34 


2.99 


3.07 


3.27 


Spedi! Richniti CS.RJ 


2.52 


1.50 


2.65 


1.92 


1.51- 


2. 58 


2.85 


2.68 


2.40 


2.92 


Evenness CJ') 


Q.m 


o.3e 


0.78 


0.73 


0.5B 


0J5 


0.33 


O.Bl 


0.85 


0.77 
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8. ST. MmYB RIVER 

Intr-oduction 

The St. Iferys- River at Sault Ste. Marie receives a number of influent 
stre^ams. from major industrial users.. Algo^ma Steely Domtar,, and St. Marys. 
Pulp and Paper all teve major operations located along the north shore, 
which 'have discharged variously treated effluent into the river. In 
addition,, discharges of domestic effluent have in the past, and continue to 
be of concern. The I.J.C., primarily because of these indiKtrial uses, has 
listed the river as one of its 42 teeas of Concern in the Great Lakes and 
as one of the 38 areas vhere oofitamlnated sediments continue to be a 
problem (I.J.C. 1987). 

Water Quality 

St. Mari^ River (Fig, 8.1) was characterized as borderline hard water 
of moderately high pH. Organic cootent of the water was low and the water 
was clear at most areas (turbidity and suspended particle load were low) 
(Table 8.1). 

Sediment Quality 

Sediments in the St. .Marys, liver ranged from, mainly sand substrates in 
the main channel of the river (stations 0078, 0051, 0050, 0075, and 0044), 
to sand silt mixtures in the .more pcotected a.reas of lower current (0049, 
0048, 0i047), to priffia,rily silt in the protected bays on the river (stations 
0046 and 0045). Organic levels were similarly distributed, being low at 
the sandy areas and very high at the predom.inan.tly silty areas. 
Contaminant, levels were low upstream in all substrate types and increased 
dramatically downstream, re::ma,ining high despite variations in substrate 
organic content . 

Sediment data, for station 0078 indicated this was an area of ma.inly 
sandy substrate. Though grain size data were lacking (Table 8.2), this was 
in.f erred, from the organic content and low co.n.tarainant levels, which were 
present in sim.ilarly low levels at the sandy stations 0050 and 0044. 
•Contaminant levels were also very low and in all cases were well below 
M.O.E. guidelines. It .sesiiis reasonable to assume that levels here were 
indicative of general backgro'und levels for the river as a whole. 

Station 0051 appeared to te located in a mainly sandy area, though 

grain size data were lacking for this station as well. The relatively low 
levels of sediment organic matter suggest that sand formed most of the 

substrate in this are.a.. 'Contaminant levels were low as well, many being 
lower than levels at the preceding station. 

Station 0050, also an area of mainly sandy substrate, was sim,ilarly 
low in sediment organic 'ma.tter a..nd conta.minant levels, and levels were 
directly com.parable with those at stations 0078 and 0051. 

Station 0049 was located in a bay at the west end of Sault Ste. terie. 
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near the Algoroa Steel mill. Sediments were mainly sand (52%) vith some 
silt and clay (27% and 17% respectively). Organic content was high and 
contaroinant levels were higher as well^ though on average not significantly 
so, and only 4 of the 8 .parameters in Table 8.2 for which guidelines were 
a\ailable exceeded these limits. Zn and Fe however, increased draraatically 
in this area to 5.8 and 6,7 times the limits respectively. Pesticide 
leveils were generally below detection limits at this., and,, in fact, all 
stations . 

Station 0048, located along the Sault Ste, Marie waterfront had very 
similar physical sediiEent characteristics. Organic content was very high 
though this may have been a consequence of the high levels of solvent 
extractables in the sediments. Levels of other contaminants, in particu- 
lar, the metals were also elevated. Levels of these however, have been 
higher in some of the other areas in the Great Lakes (see Sect ions 3 and 5) 
though those all occurred in areas of much harder water. 

Station 0075 was characterized by a substrate lower in organic dontent 
and moderate In contaminant levels. Presumably, on the basis of both 
organic content and comparison to stations 0049 and 0048, the silt content 
would have been relatively low (grain size data were lacking) and sand 
would have been the major constituent of the sediments. While contaminant 
levels were lower than at the preceding two stations, levels of 5 of the 8 
parameters exceeded M.O.E. guidelines. 

Station 0047 was also a. mixed substrate of sand and silt (43% : 50%) 
of high organic content and high contaminant levels. Levels of solvent 
extractables were also high and this may have affected the sediment organic 
content (Table 8.2) . 

etation 0046, also high in silt content (62% silt : 30% sand) was 
relatively low in both organic content and most contaminant levels. The 
low levels of solvent extractables may have resulted in levels of organic 
matter being lower than those recorded at the preceding stations, even 
though those had a lover silt content. 

Station 0044 was situated in an erosional area high in sand (95%). 
Organic content and eontamlnant levels were low, and compared well with 
similar areas upstream (station 0078 and 0050). 

Station 0045 was in an area high in silt (69%) and, like station 0046, 
in a depositional area. Sediment organic content was moderately high and 
contaminant levels, especially of solvent extractables, were also high. 

Benthic Invertebrates 

Patterns of benthic distribution appeared to be controlled primarily 
by sediment type and organic content. There were also indications that 
other factors were influencing the benthic community, especially at those 
stations along the Sault Ste. Marie waterfront. 

Sandy sediments were inferred to predominate at station 0078 from the 
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organic content which, was low and compared well to levels at the sandy 
stations 0050 and 0044. Despite the low sediment organic content, the 

benthic fauna, was one of the most diverse and dense of any O'f the stations 
sampled. Fine particulate sediment feeders' formed only 8-6 of the fauna, 
while the largest fraction (72%) was comprised of those species associated 
with coarse detritus (usually decaying .macrophytes) such as Lirceus 
lineatus , teelluS j, Ehdoch i r onomus , or those species associated with 
macrophytes such as pQlvpedilum and Amnicola limosa . 

Station 0051 appeared to be located in a mainly sandy area, though 
grain size data were lacking for this station as well. The relatively low 
level of sediment organic matter suggests that sand formed most of the 
substrate in this area. The coarse detritus and macrophytes that were 
present at the previous station appeared to be lacking, since the very 
large densities of those species associated with these types of organic 
accumulations were lacking entirely (Table 6.2). Overall, density was much 
lower than at station 0028, due almost entirely to the absence of the 
grazer fauna. The species present were mainly those associated with fine 
sediments, and sediment feeders, both surface and infauna (oligochaetes, 
Tanytar sus , Paratanvtarsus , and Pisidium spp.) comprised most (65%) of the 
fauna. 

Station 0050, also an area of mainly sandy substrate, was similarly 
low in sediment organic matter. Located in a bay west of Saolt Ste. Marie, 
the area appeared to be a deposit ional area for coarse detritus, since a 
large segment of the fauna was comprised of species associated with coarse 

organic matter, such as Endochi r onomus , Amnicola . 1 imosa , and Hwlella 
azteca. These comprised 38% though the sediment fine particle feeders 
formed the major fraction (59%1. Predators comprised the remaining 3%. 
The fine particle feeders consisted O'f such species as Hexagenia 1 imbata , 
the clam Pisidium walkeri , and the' oligochaetes Aulodrilus pleuriseta and 
Quistadrilus multisetosus ^ none of which are identified with polluted 
conditions. 

Station 004'9 was located in a bay at the west end of Sault Ste. Marie, 
next to the Algoma Steel mill. Sediments were mainly sand (52%) with some 
silt and clay (27% and 17% respectively). The benthic fauna however was 
extremely reduced in both density and diversity and only a small population 
of Hexagenia 1 imbata and oligochaetes was present. Sediment data indicate 
that the fauna here should have been similar to preceding areas, with 
possibly a slightly greater percentage of fine sediment feeders. Though 
contaminant levels were high, these were not the highest recorded in the 
river and were an unlikely cause by themselves for the depauperate fauna. 
The high silt content, as noted, was also likely responsible for only some 
of the reduction in density and diversity. This was evident at stations 
further downstream, such as 0045 and 0047, where silt content was high and 
the resulting faunal diversity and density were reduced. Though no 
ap'parent chemical factor could be pinpointed, an external affect was 
definitely evident, since all other factors tested could not have acco'unted 
for this result. This area therefore bears further investigation. 

Station 0048, located along the Sault Ste. Marie waterfront had a 
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similarly reduced fauna, as well as very similar physical sediment 

characteristics. Organic content was very high, though this may have been 
a consequence o^f the high levels of, solvent extractables in the sediments. 
Levels of other contaminants, while high, were not particularly elevated. 
Levels have teen higher in some of the other areas in the Great 'Lakes (see 
Sections 3 and 5) though those all occurred in areas of much harder water, 
and, in the Toronto Waterfront at least, in areas of much higher clay 
content. The low clay content could make more of the contaminants 
available to the sediment infauna, since a greater percentage of the metals 
resident in the fine-grained fraction (see discussion In section 3.1.1) 
should theoretically reside in the silt. Only a snail population of 
oligochaetes was present and the species were not indicative of organic 
pollution which implies other chemical factors were invQlved. 

Station 0075 was characterized by a substrate lower in organic 
content. On the basis of organic content, the sand fraction would have 
been moderately high (grain size data were lacking) and the benthic fauna 
yms considerably more diverse than the preceding two stations. Density had 
increased at this station by approximately 10 times over density at station 
0048 and nearly 50 times over station 0049. Much of this increase appeared 
due to the epibenthlc grazers, specifically Lirceus Uneatus, which alone 
comprised 45% of the benthic fauna. In addition, both fine sediment 
feeders (oligochaetes), and predators f Polvcentropus and Procladius) were 
present, though in relatively low numbers. Both groups were conspicuously 
absent from the previous two stations. 

Station 0047 was also a misced substrate of sand and silt (43% : 50%) 
of high organic content. The benthic fauna, though present in relatively 
high density, showed less diversity than station 0075. Sediment fine 
particle feeders comprised most of the fauna and the sediment infauna 
(oligochaetes) alone comprised 78% of the fauna, despite the relatively 
high contaminant levels in the sediments. 

Station 0046, also high in silt content (62% silt : 30% sand) was 
relatively lower than station 0047 in organic content. Density of 
organisms was high, especially among the chironomids, which comprised 
nearly half of the fauna. The majority of the fauna was comprised of soft 
sediment fine jar tide feeders, of which ChlEonomus thummi and 
Dicrotendipes comprised (86%). The predator Procladius made up the other 
large group (7.6%), while grazers such as Endochironomus and Hexagenla 
llmbata comprised the remaining 6.5%. toong the oligochaetes, Limnodrilus 
hoffmelsterl comprised most of the fauna, and both this and the chlronomid 
fauna reflected the higher silt content of the sediments. 

Station 0044 was situated in an erosional area high in sand content 
(94%) . Organic content and contaminant levels were low and compared well 
with similar areas upstream (station 0078 and 0050). Despite the substrate 
type, and the low organic content, sediment fine particle feeders, such as 
Chironomus and the oligochaete population, comprised over 93% of the fauna, 
with these two groups alone comprising 90%. Apparently, much of the 
detritus here existed as fine rather than coarse material, differing from 
the other two sandy "stations (0078 and 0051) upstream. 
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Station 0045 was in an area high in silt (59%) and, like station 0046^ 
in a depositional area. Sedinient organic content was moderately high and 
contaniinant levels were also high. Density and diversity of benthic 
organisms was somewhat reduced at this station, with sediment fine particle 
feeders comprising only a minor part of the faunsi. Grazers on coarse 
detritus such as Hvalella azteca ., Lirceus lineatus , and Endochironomus,, 
comprised the major part of the fauna (66%), Sediment conditions, perhaps 
due to the very high silt content (which tends to suffocate many animals, 
depending on the other constituents of the sediments),,, were not 
particularly suited to the sediment infauna. 

In summary, upstream areas (stations 0078, 0051, and 0050) yielded 
diverse faunas representing a number of feeding 'gr'oups. In contrast, 
stations 0049 and 0048, at the Algoma, Steel Mill and along the Sault Ste. 

Iterie waterfront had severely reduced faunas that could not be explained 
simply by sediment type. In fact, the opposite occurred, with sediment 
characteristics indicating that this area should have yielded a fauna 
similar to upstream locations. Sandy areas within this same zone actually 
yielded greater densities and higher diversity of organisms, than these 
organically richer areas, A grad;ual improvement in density and diversity 
of the benthic fauna appeared to take place with increasing distance 
downstream from Sault Ste, Marie. 

Though contaminant levels, espe'Cially solvent extractables and some of 
the metals, were high at stations 0049 and 0048, evidence from other, 
contaminated areas, such as the Toronto Waterfront indicated these were not 
likely the sole cause of the depauperate benthic Gommunity, though water 

hardness and sediment clay content did differ betveen these two areas. 
This area therefore bears further investigation to pinpoint the cause or 
causes . 

Suiimary 

1| teeas upstream of Sault Ste. Marie yielded diverse benthic communities 
which appeared to be affected neinly be substrate type and sediment 
organic content, Benthic communities in the mainly shallow areas 
appeared eutrophic but not polluted, 

if .Benthic coiraunlties at Sault Ste. ■Marie (stations 0049 and 0048) were 
severely reduced in both density and diversity. Sediments were 
similar to upstream areas, and under normal circumstances could have 
been expected to have similar benthic communities. Contaminant levels 
were high, though these did not appear to be high enough to have such 
a severe effect upon the fauna. Presiarably other, or additional, 
factors were also affecting the benthic community. 

3) More normal conditions appeared to prevail downstream, and sediment 
type again seemed to be the main factor affecting the benthic 
community. 
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Tlttl 8.4, DaieiTY MID DISTOIBUTION OF MACRO^MraiC TMA - ST. MftRfS RI¥ER. 
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TMMM 8.4. Di^'SITY MD DIS1RI1UTI0N OF Mi^OilENTHIC TWCA - ST. MMYE RIVEK. 
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SPECIES 



0078 0051 



0050 



0049 0048 0075 0047 004t 0044 0045 



Vilvatidiii 

Viifita iincira 

V, tricarinata 
Ancylidae: 

Ferrisiia ip. 
PILECYPODA 
Sphaeriidaei 

Sphaeriui sp. 

Pisidiii caserlanuii 

JP. tfalkiri 

P. ¥tntricosMi 
HIiraDIttA 

Helobdella sp. 

Hloortobdflla sp. 

filossiphoflia coiplanata 
OLISOCHAEiA 
EriiChytraiidiii 

sp. indet, 
Naididlaei 

sp. iRdtt. 

Aiphichiiti sp. 

Dero sp. 

PiiUitiilli iichiganensii 
Tubiiicidiis 

ftuiadrilii pliyrisita 

Buistadrilus iullisato^sus 

Potatoithrii vijdOTskyi 

P. loildavifnsis 

LiModrilus hoffieisttri 

L. anguiti penis 

iMaturis yith 
capillifon sitae 

liiaturts yithoit 
capiilifori set at 
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61 
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31 537 



!:■ 



its 
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.|» 
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m 




214 




n 


23 
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46 


',69B 


2,037 
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39 
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1,655 


3.21 


3J8 


3.81 


1.11 


,|,tl 


2.78 


3.42 


3.18 


2.99 


%M 


l.# 


2.14 


0.66 


0.85 


0.B5 


O.iS 


i..77 


0.73 



437 



m 



138 



m 



i« 



«t HI 



i.n 

1.35 
0.70 



11 



2,459 


7,2K 


27 


4,127 


13,175 


7B5 


2.,43 


2.20 


2.84 


1.68 


1,84 


2.64 



0.65 0.55 0.72 
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